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I DKDTCATED tli(3 Ilistitiito to tho Niitioii oil ( lio .‘JOth 
November 1917. The fuller investii^Mtion of I he injiny 
ever-opening problems of the nascent science, which inc.linles 
both Life and Non-fiifc', are among tlu‘ main imrposes of 
the Institute. In adding a large auditorium, I have souglit 
permanently to associate the ailvaiiceinent of knowhulgi^ 
with the widest possible civic and public diirusion of it; 
and this without any academic lirnitatioiiH, h(*nc(dort}i to 
all races and languages, to both nem ami wointui alik»‘, 
and for all time coming. 

It is my further wish that, as far as tlu^ limited 
accommodation would permit, I he facili(it\s of this Institute 
should he available to workers froiri all (joiintries. In 
this I am attempting to carry out the traditions of my 
country, which, so far back as twemty-five cmituries ago, 
welcomed all scholars from ditlereiit parts of tlu) world 
within tlie precincts of its ancient seats of huirriing, at 
Nalanda and at Taxi 11a. 

The present time may be regarded as inopportune for 

any new undertaking, when a great tragedy is hanging 
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I DKDIOATKI) tho liisLituto to tho Nation on (ho .“lOth 
November 1917. The fuller iiive.sti^.ition of the many 
ever-openiiij^ probloma of the nascent science, which inelinles 
both Life and Non-fafi', are ainon<^ tin* main j)nrpoS!‘S of 
the Institute. In adding a lar^o audiiorimn, I havi‘ so\i^ht 
perinanently to associate tho advancement of knowh‘di,n^ 
with the widest possibh; civic and public dill'nsion of it; 
and this without any academic limitations, henciiforth to 
all races and lanj^iiagt^s, to both Jiiui and women alike*, 
and for all time cominjJT. 

It is my further wish that, as far as the liiniled 
accommodation would pi*rniit, the. facilities of this Institute 
should bti availabh^ t<> workt*rs from all countries. In 
this I am atteniptini^ to carry out the traditions of jiiy 
country, which, so far back as twenty-five centuri»*s aj<o, 
welcomed all scholars from diU'erent parts of the world 
within the precincts of its ancietit seats of learninj^, at, 
Nalanda and at Taxilla. 

The present time may l)e regarded as inopportune for 

any new undertaking, when a great trage<ly is hanging 
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over human destiny. But it is at such a crisis that men 
learn to discriminate the Real from the Unreal, so that 
they can dedicate themselves to the pursuit of Truth which 
IS eternal. 

Since the opmin^^ of the Institute I have received much 
encourageiiHUit ami help from ditlerent provinces of India 
in this national undertaking. My grateful thanks are tlue 
to the genthumm whose first donations have formed the 
nucleus of an Endowment Fund, and also to Mr. P. C. 
Lyon, tln^ retirt'd Minister of Education, Government of 
Bengal, through whose representation the Government have 
l)(M.m pleased to inake generous grants in furtherance of re- 
S(‘arch. 1 am indebted to His Excellency Lord Ronaldshay, 
Governor of Bengal, for the grant of land for necessary 
expansion and for liis interest in the permanence of the 
Institute. The Government of India and the Gov^ern- 
m(*nt of Ikmgal liavo also sanctioned six Scholarships 
for Ri'search students of the Institute. 

The (jovernnumt has also kindly undertaken the 
publication of the Transactions of the Institute to be 
issuiMl twice a year. Much tiim* had to he given last 
year in the organization of the InstituU*. In spite of this 
a long seri(‘s of investigations on the phenomenon of 
plant movements have been completed in the course of 
the year. Of these the first series is given in the present 
volume. 

J. C. BOSE. 

October 191 S 
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TIIK VO [CM OF LIFF.* 

I 1)KI)10a.7’H tu-(l:iy this Instil nt(*~ iiol iiunc^ly ii liiiljor- 
atory but a Tuuipb^ Thu powor of physical mulliods 

apj)lies for tlio (istablishnioiit of that truth whioh can bo 

r(3alizo(l diroctly throu.ufh our sons(‘H, or through tliii vast 
expansion of tlio poro(*ptiv(^ ranii:<; by iiKuins of artilioially 
eroatod origans. Wt* still .i^athor tlu* tr.uniilous jnossa^'(‘ 
when tlie not(3 of tin* audible reaehes the unhoard. Wlion 
human sii'lit fails, W(‘ continue to explore the r( 3 »{i()n of 
the invisibh;. TIk^ littb^ that we can S(;o is as l]ot]lin^," 
compared to tln^ vastness of that whi(;h wti cannefc. 

Out of the very imperf(;ction of his senses man has built 
himself a raft of thou,i,dit !)y which he makes darinji 

adventures on the •^reat seas of f,he Unknown. Hut thenj 


inaiigiM-il ad(ln;s« 'm Jedic;ili»jii of llui [nslituto, Novt^mbor 11U7. 



}i 


are other truths which will remain beyond even the super- 
sensitive methods known to science. For these we require 
faith, tested not in a few years hut by an entire life. 
And a temple is erected as a fit memorial for the establish- 
ment of that truth for which faith w'as needed. The 
personal, yet general, truth and faith whose establishment 
this Institute commemorates is this : that when one dedi- 
cates himself wholly for a great object, the closed doors 
shall open, and the seemingly impossible will become 
possible for hitn. 

Thirty-two years ago I chose teaching of science as 
my vocation. It was held, that by its very peculiar con- 
stitution, the Indian mind would always turn away from 
the study of Nature to metaj)hysical speculations. Even had 
the ca[)acity for inquiry ami accurate observation been 
assumed present, there were no oj)portunities for their 
employment ; there were no well-equipped laboratories nor 
skilled nundianicians. This was all too true. It is for 
man not to quarnd with circumstances but bravely accept 
them ; and we belong to that race and dynasty who had 
accomplished great things with simple means. 

FAIIiUHE ANb SUCCESS. 

This day twenty-thret* years ago, I resolved that as 
far as the whole-hearteil devotion and faith of one man 
counted, that would not be wanting, and within six 
months it came about that some of the ditlicult problems 
connected with electric wavt‘S found their solution in my 
Laboratory, and received high appreciation from the leading 
physicists. The Royal Society honoured me by publishing 
my’ discoveries and otlering of their own accord an 
appropriation from the special Parliamentary grant for the 
advancement of knowledge. That day the closed gates 
suddenly opened, and I hoped that the torch that was 
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then li^htod would continue to burn brighter and brighter. 
But man’s faitli and hope require repi'ated testing. For 
five years after this the progress was uninU‘rrnpted ; yet 
when the most generous and wide appreciation of my 
work had reached almost tln‘ liighest ])oini there cann‘ a 
sud<len ainl unexpected clnnigt*. 

L1V1N<; ANM) N()N-LlVIN(i. 

In the jmrsuit of niy investigations I was uneon- 
scioudy led into tin; bordt'r region of physics and physio- 
logy, and was aniazctl to fiml boundary lintM vanishing 
and points of contact (‘merge b(‘tW(‘en tlio rt'alnis of the 

Living Jind Non-Living. Inorganic matter was found any- 
thing but in(;rt ; it also was a-thrill under tln‘ action 

of multitudinous forct‘S tlnit played on it. A common 
reaction S(‘emed to bring tog(‘th‘r iindal, })lant and 

animal under a general law. 'riiey all exhibitiid the 
phenomena of ftitigiie and d(;pr(‘Ssion, togetlnu’ with jjos- 

sibilities of recov(,‘ry and of exaltation, y(‘t also tluil of 
permanent irresponsiveness which is associated with death. 
1 wjis tilled with awi; at this great g(‘neralization ; and it 
was witli great liope that 1 announced my in ‘ suits Ixd'ori; 
the leading scientific soci(*ty. The. r(*sults wimn; so unexp(u;t(‘d 
that th(‘y provok(;d increciulity. d’h(‘r(‘ were also misgivings 
about the inhermit hent of the Indian mind towards mysti- 
cism and uncdiecUiid imagination. Ibit in India this burning 
imagination which can extort mwv order out of a mass of 
ajiparenbly contradictory facts, is also held in check by th(‘ 
habit of meditation. It is this restraint which confers the 
power to hohl the mind in pursuit of truth, in infinite 
])atience, to wait, and r(;consider, to (;x[s;rimentally t(‘st and 
repeatedly verify. 

It is hut natural that there should he ]»r(‘jadice, (;v(>n 
in science, against all innovations ; but then* were added 
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other difficulties which it was impossible to remove from 
this isolating distance. Thus no conditions could have been 
more hoptdess than those which confronted me for the next 
twelve years. It is necessary to make this brief reference 
to this period of my life ; for one who would devote him- 
self to the search of truth must realize that for him there 
awaits no easy life, but one of unending struggle. It is 
for him to cast his life as an offering, regarding gain and 
loss, success and failure, as one. Yet in my case this long 
persisting gloom was suddenly lifted. My scientific deputa- 
tion in 1914, from the (rovernment of India, gave the 
opportunity of giving <lemonstrations of my results before 
the leading scientific societies of the world. This led to 
a v(u*y generous appreciation of my work and the recognition 
of the importance of Indian contribution to the advance- 
ment of the world’s science. My own experience told me 
how heavy, sometimes even crushing, are the difficulties 
which confront an inquirer here in India ; yet it made me 
stronger in my determination, that I shall make the path 
of those who are to follow me less arduous, anti that India 
is never to relinquish what has been won for her after 
years of strugglt*. 


THK TWO IDEALS. 

What is it that India is to win and maintain ? Has 
her own history and the teaching of the past prepared her 
for some temporary and quite subordinate gain ? There 
are at this moment two complementary and not antagonis- 
tic ideals before the country. There is first, the indivi- 
dualistic ideal of winning success in all affairs, of securing 
material efficiency and of satisfaction of personal ambition. 
These are necessary, but by themselves cannot ensure the 
life of a nation. Such material activities have brought in the 
West their fruit, in accession of power and wealth. There 
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has been a feverish rush even in the realm of scieneo, for 
exploiting applications of knowledge, not so often for saving 
as for causing destruction. In the absenet‘ of some power 
of restraint, civilization is now trembling in an unstable poise 
on the brink of ruin. Some complementary ideal there must 
be to save man from tliat mad rush which must end in 
disaster. He has followed the luri‘ and t‘xcitement of some 
insatiable ambition, never pausing for a moment to think of 
the ultimate object for which succ(‘ss was to serve as a 
temporary incentive. He forgot that far morti potent than 
com})ctition, was mutual help and co-op(M*ation in tlie scdnune 
of life. And in this country througli millenniums, there 
always have been some wlio, beyond the immetiiate and 
absoibing prize of the hour, sought for the realization of the 
highest ideal of life — not througli passive renunciation, but 
through active struggle. The weakling wlio lias refused the 
conflict, having acipiired nothing, has nothing to nmounce. 
lie alone who has striven and won can enrich the worbl 
by giving away the fruits of his victorious expt^rience. In 
India such examples of constant nnilization of ideals through 
work have resulted in the formation of a continuous living 
tradition. And by her latent jiower of rejuvenescence she 
has readjusted herself through infinite transformations. Tlius 
while the soul of Babylon and the Nile Valley have trans- 
migrated, ours still remains vital and with capacity of 
absorbing what time has lirought, ami making it one with 
itself. 

The ideal of giving, of enriching, in fine, of self-nmun- 
ciation in response to tht» highest call of humanity is the 
other and complementary ideal. Tlie motive; power for this 
is not to be found in personal ambition but in the efface- 
ment of all littlenesses, and uprooting of that ignorance 
which regards anything as gain which is to be jmrehased at 
others’ loss. This I know, that no vision of truth can conn; 
except in the absence of all sources of distraction, and when 
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mind has roached the point of rest. And for my dis- 
ci j>U*s, I call on those very few, who will devote their whole 
life with strenj'thened character and determined purpose to 
take part in thal iniinire striit^^ole to win knowledge for its 
own *sak(i and si‘e truth face to face. 

ADVAXtM^MKNT AND DIFFUSION OF KNOWLEDGE. 

The work already carritMl out in my Laboratory on the 
response of iiiattc^r, and the unex})ected revelations in plant 
life, foreshadowing tlui wonders of the higluist animal life, 
ha\(*. op(‘ne-d out very extended i(‘gions of inquiry in 
Idiysics, in IMiysiology, in M(Mlicine, in Agriculture and 
even in L^sychology. These in(|uiries are obviously more 
(ixt(‘nsiv(‘ than thoH^' customary (uther among physicists 
(u* j)hysiologists, sinct^ (hnnanding interests and aptitudes 

hitherto more or less divided Ixdween them. In th(‘ study 
of Nature, ther(^ is a necessity of the dual viewpoint, this 
altcnuiating yet rhythmically unilied interaction of biological 
thought with physical studies, and physical thought with 
biological studies. The future worker with liis freshened 

gras]) of ph^^sics, his fuller conception of the inorganic 

wu)rld, as indeed thrilling with “the promise and potency 
of lif(»”, will rtulouble his fornu‘r energies of work and 
thought. Tims he will be in a position to winnow the old 
knowledge with liner sieves, to re-search it with new 

imthusiasm and subtler instruments. And thus with thought 
and toil and time he may hope to bring fresher views 
into the old ])robhuns. His handling of these will be at 
once more vital and more kinetic, more comprehensive and 
unilied. 

Th(' further and fuller investigation of the many and 
ever-opening problems of the nascent science which includes 
both Life and Non-Life are among the main purposes of 
the Institute I am opening to-day; in these fields I am 



already fortunate in having a devoted band of (Imeiples, 
whom I have b('eu training for the last ten years. 

The advance of science is the ]>rincipal object of tins 
Institute and also tVie diffusion of knowledge. We are lien* 
in the largest of all the many chambi>rs of this House of 
Knowledge — its Lecture R4>om. In a<lding this large ainli- 
torium, I have sought permanently to associatt^ the advance- 
ment of knowledge with the widest possible civic and 
public diffusion of it ; ami this without any academic limita- 
tions, henceforth to all races and languages, to both men 
and women alike, and for all tiim‘ coming. 

The lectures given here will aiuiounce, to an audience 
of some fifteen hundred [)eople, the m^w dis(a>V(‘ries made 
h(‘re, which will be demonstrated for the first time before 
the public. We shall thus maintain c.ontinuously the Iiighest 
aim of a great seat of learning by taking an activ(‘ pjirt in 
the advancement and diffusion of km)wl(‘dg(‘. Througli iht^ 
regular publication of the Transactions of iln^ Institutes, 
these Indian contributions will reach tin* whole world. /Pln^ 
discoveries made will thus beconm ])ublic }>rop(‘rty. No 
pat(*nts will ever he takiui. The si)irit of our national 
culture demands that we shoul<l f4)r (iviu* he free from the* 
desecration of utilizing knowledgt^ for personal gain. 

It is my further wish, that as far as lln^ limihMl a(a!om- 
modatioii would ])ermit, the facilities of this lnstitut(? should 
he available to workt^rs from all countries. In this I am 
attempting to carry out (he traditions of iny country, whicli, 
so far back as twciity-fivti centuri(*s ago, welcomed all 
scholars from dilfcreiit parts of the worhl, within the pr(‘- 
cincts of its ancient seats of learning, at Nalanda and a> 
Taxilla. 


THK SUKOK OF MFF. 

With this wideiie<l outlook, we shall md only maintain 
the highest traditions of the past but also serve th«i world 
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in nobler ways. ^Ve shall be at one with it in feeling the 
common surgings of life, the common love for the good, 
the true, and the beautiful. In this Institute, this Study 
and Garden of Life, the claim of Art has not been forggtten, 
for the artist has been working with iis, from foundation 
to pinnacle and from floor to ceiling of this very Hall. 
And beyond that arch, the Laboratory merges impercep- 
tibly into the Garden, which is the true laboratory for the 
study of Life. There the creepers, the plants and the trees 
are played upon by their natural environments. — sunlight 
and wind, and the chill at midnight under the vault of 
starry spacau There are other s.ur roundings also, where they 
will be subjected to chromatic action of different lights, 
to invisible rays, to electrically charged atmosphere. Every- 
where they will . transcribe in their own script the history 
of their experience. From his lofty point of observation, 
sheltered by the trees, the student will watch this panorama 
of life,. Isolated from all distractions, he will hearn to 
attune himself with Nature ; the obscuring veil will be 
lifted and he will gradually come to see how community 
throughout the grt*at ocean of life outweighs apparent 
dissimilarity. Out of discord he will realize the great 
harmony. 


THK OUTLOOK. 

These are the dreams tliat wove a network round my 
wakeful life for many years past. The outlook is end- 
less, for the goal is at infinity. The realization cannot 
be through one life or one fortune, but through the co- 
operation of many lives and many fortunes. The possibility 
of a fuller expansion will depend on V(»ry large endow- 
ments. But a beginning must be made, and this is the 
genesis of the foundation of this Institute. I came 
with nothing and shall return as I came ; if something 
is accoiuplished iu the interval, that would indeed be a 
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privilege. What I have I will ofl’er, and one who had 
shared with me the struggles and hardships that had to he 
faced, has wished to bequeath all that is hers for the 
same object. In all my struggling etlorts 1 have not 
been altogether solitary; while the world doubted, there 
had been a few, now in the City of Silence*, who never 
wavered in their trust. 

INDIA’S SPECIAL APTITUDES IN CONTRIIUTTION TO SCIENCE. 

The excessive specialization in modern science has led to 
the danger of losing sight of the fundamental fact that there 
can be but one truth, one science, which includes all the 
branches of knowledge. How chaotic appear the happ(*nings 
in Nature! Is Nature a Cosmos, in which the human mind 
is some day to realize the uniform march of secpienco, onler 
and law ? India through her habit of mind is peculiarly fitt(‘d 
to realize the idea of unity, and to see in tlio ph(‘nomenal 
world an orderly univorsti. This trend of thought led foe 
unconsciously to the dividing frontiers of different scii‘nces 
and shaped the cours(i of my work in its constant alter- 

Jiations between the theoretical and the practical, from the 

iiivestigation of the inorganic world to that of organized 

iif(*, and its multifarious activititis of growth, of mov<‘mmii, 
and even of sensation. On looking over a hundred dilfer- 
ent lines of investigations carritMl on during tlu^ last 

twenty-three years, I now discover in them a natural 

sequence. The study of electric waves led to the (ievising 
of methods for the production of exce(*dingly short ehictric 
waves which served as a bridge over the gulf bcdAvetni 
visible and invisible lights ; from this followed accurate 
investigation on the optical properties of invisible waves, 
the determination of the refractive powers of various 

opaque substances, the discovery of effect of air film on 

total reflection, and the polarissiug prpjjerties of strained 
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rocks ari<l of electric tourmalines. The invention of a new 
ty[)e of seIf-recov(!rin^ electric receiver made of galena 
was tlui fore-runner of crystal <letoctors. In physical 
ch(*mistry the (hitection of molecul ir change in matter 
under eh'ctric stimulation 1(^<1 to a new thc'ory of photo- 
graphic action. The* theor}" of st(*reo-chemistry found 
strong support by tlie production of two kinds of artificial 
mol(‘cul(‘S, which, like the two kinds of sugar, rotated the 
polari/ed electric wave either to the right or to the left. 
Again the ‘fatigue* of niy rec<‘ivers led to the discov(*ry 

of stmsiti v(‘ness inheu-ent in matt(‘r as shown by its elec- 
tric re3i)ons(‘. [t was next possible to study tliis response 
in its modi licat.ion under changing environmemt, of which 
its (‘xaltation under stimulants and its abolition under 
poisons are among tlie most astonisliing outward manifesta- 
tions. And as a single example of thi‘ many applications 
of this fruitful discovery, t])(j characteristics of an artificial 
retina gav(^ a clue t) the unexpected disci)V(‘ry of 

“binocular alternation of vision” in man -each eye thus 
supplements its fidlow by turns, instead of acting as a 

continuously yoked pair, as hitherto believed. 

PLANT FilPK AM) ANIMAL LIFL. 

In natural secpieiice to the iiivi'Stigation of the re- 
sponse in “inorganic” matter, has followed a prolonged 
si inly of the activities of plant life as compared with the 
corresponding functioning of animal life. Hut since plants 
for the most part seem motionless and passive, and are 
indeed limited in their range of movement, special 

apparatus of extreme delicacy lia<l to he invented, which 
should magnify the tremor of excitation and also measure 
tin* iierception period of a plant to a thousandth part 
of a second. llUra-microscopic movements were measured 
and rocordcil, the length measured being often smaller 
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thiili a fraction of a single wave-length of liglit. The 
secpel of plant life was thus for the lirst time, revealed hy 

the autograplis of the plant itself. This evi(hnico of the 

plant’s own se.ript reinovecl the prevailing error which 

divided the vegetable world into sensitive and insensitive. 
The remarkable performance of tin? ‘Praying’ Palm Tree 
of Faiidpur, which bows, as if to prostrate itself, evc‘ry 
I'vening, is only one of the latest instances which show 
tliat the supposed insensibility of plants and still mort? of 
rigid trees is to be ascrilnnl to wrong the.ory and defec- 
tivi? observation. Investigations whicli I have carrit?d out 
show that all j)lants, even the trei?s, are fully alive to 

changes of environment ; they rt‘8[)on<l visibly to all 
stimuli, oven to the slight tluctuations of light caused 

by a drifting cloud. This serit‘S of invt*stigations has 

completely established the fundannmtal identity of 

life reactions in plant and animal, as seen in a 
similar periodic insensibility in both, corres})onding to 
what we call sleep ; as seen in the deatli-spasm, whicli 
takes place in the plant as in the animal. This unit.V 
in organic life is also exhibited in that spontaneous 
pulsation which in the animal is heart-beat ; it appears 
in the identical etfects of stimulants, an.u'sthetics and of 
lioisons in vegetable? ami animal tissiu?s. This physiolo- 
gical identity in the edfect of drug.s is regarded by 
leading physicians as of great sigiiiticancui in the scientilie 
ailvance of medicine; since here we have a means of 

testing the elfect of drugs under eonditions far simiiler 
chan those presented by the patient, far subtler too, as 
well as more humane than those of experiments on 
animals. 

Growth of plants and its variations under different 
treatment is instantly recorded by my Grescograph. Autho- 
rities expect that this method of investigation will advance 
practical agriculture ; since for the Urst time we are able 
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to analyse and study separately the conditions which modify 
the rate of growth. Experiments, which would have taken 
months and their results vitiated by unknown changes, can 
now be carried out in a few minutes. 

Returning to pure science, no phenomena in plant life 
are so extremely varied or have yet been more incapable 
of generalization than the “ tropic •’ movements, such as the 
twining of tendrils, the heliotropic movements of some 
towards and of others away from light, and the opposite 
geotropic movements of the root and shoot, in the direction 
of gravitation or away from it. My latest investigations 
have led to the establishment of a single fundamental reac- 
tion wiiich underlies all these effects so extremely diverse. 

Finally, I may say a word of that other new and un- 
expected chapter which is opening out from my demon- 
stration of nervous impulse in plants. The speed with 
which the nervous impulse courses through the plant has 
been determined ; its nervous excitability and the variation 
of that excitability have likewise been measured. The 
nervous impulse in plant and in man is found exalted or 
inhibited under identical conditions. 

A question long perplexing physiologists and psycho- 
logists alike is that concerned with the great mystery that 
underlies memory. But now through certain experiments I 
have carried out, it is possible to trace “memory impres- 
sions” backwards even in inorganic matter, such latent 
impressions being capable of subsequent revival. Again 
the tone of our sensation is determined by the intensity 
of nervous excitation, that reaches the central perceiving 
organ. It would be possible to change the tone or quality 
of our sensation, if means could be discovered by which 
the nervous impulse would become modihed during transit. 
Investigation on nervous impulse in plants has led to the 
discovery of a controlling method, which was found 
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equally effective in regard to the nervous impulse in 
animals. 

Thus the lines of physics, of physiology, and of psycho- 
logy converge and meet. And here will assemble those 
who would seek oneness cmidst the minifold. Heri» it is 
that the genius of India should find its true blossoming. 

The thrill in matter, the throb of life, the pulse of 
growth, the impulse coursing through the nerve and the 
resulting sensations, how diverse are these and yet how 
unified ! How strange it is that the tremor of excitation 
in nervous matter should not merely be transmitted but 
transmuted and reflected like the image on a mirror, from 
a different plane of life, in sensation and in affection, in 
thought and in emotion ! Of these which is more real, 
the material body or the imago which is independent of 
it ? Which of these is undecaying, and which of these is 
beyond the reach of death ? 

It was a woman in the Vedic times, who, when asked 
to take her choice of the wealth that would be hers lor 
the asking, inquired whether that would win for her death- 
lessness, Many a nation had risen in the past atid won the 
empire of the world. A few buried fragments are all 
that remain as memorials of the groat dynasties that wield- 
ed the temporal power. There is, howiwer, another element 
which finds its incarnation in matter, yet transcends its 
transmutation and apparent destruction : that is the burning 
flame born ot thought which has been handed down tlirougli 
fleeting generations. 

Not in matter, but in thought, not? in posbcssioiis or even 
in attainments, but in ideals, are to be found the seed of 
immortality. Not through material acquisition but in gomjr. 
ous diffusion of ideas and ideals can the true empire of 
humanity be establish:^.!. Thus to Asoka to whom belonged 
this vast empire, bounded by the inviolate seas, after he had 
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trieil to ransom the world hy away to the utmost, 

there came a time when he had uothiui^ more to give, 
(except one-half of an Ainlaki fruit. This was his last 
possession, and his anguished cry was that since he hud 
nothing more to give, let the half of the Amlaki he accejii- 
ed as his final gift. 

Asoka’s emhlem of the Amlaki will be seen on the 
cornices of the Institute, and towering above all is the 
symbol of the thunderbolt. It was the liishi Dadhichi, the 
juire and blameless, who otlered his life that the divine 
wea))on, the thunderbolt, might bi^ fashioned out of his 
bones to smite evil and exalt righteousness. It is but half 
of the Amlaki that we can ollm* now. Hut the past shall 
be re-born in a yet nobler future. We stand here to-day 
and resume work to-morrow, so that, by the efforts of our 
lives and our unshaken faith in the future we may all 
help to build the greater India yet to be. 
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I.^THE PROBLEM OF MOVEMENT IN PLANTS 


By 

Puop. Sib .1. C. Bosk. 

I 

The phenomenon of movement in plants ninler the action 
of external stimuli presents innumerai)l(‘- dUliculties and 
complications. The responding organs are very diderent : 
they may be the pulvini of tho ‘sensitive* or those of 
the less excitable leguminous plants; the petioles of loaves, 
which often act as pulvinoids ; and organs of plants in a 
state of active growth. 

Taking first the case of the pulvinus of Mimosa^ wo find 
that it responds to mechanical stimulation, to constant 
electric current, to induction shock, to the action of 
chemical agents, to light, and to warmth as differentiated 
from thermal radiation. The reactions induced by these 
agents may be similar or dissimilar. An identical agent, 
again, may give rise to movements which are not merely 
different, but sometines even of diametrically ojiposite 
characters. Certain organs, for example, direct themselves 
towards light, others away from it. Some plants close 
their leaflets qn the approach of darkness, in the so-called 
position of ‘sleep’; apparently similar ‘sleep’ movement 
is induced in others by the action of the midday «un. 
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In Mimosa, the responsive movement is brought about 
l>y a sudden diminution of turgor in the j)ulvinus. But 
very little is definitely known about the responsive re- 
action in growing organs. Thus in a tendril, one-sided con- 
traction causes a shortening of the concave side and a 
sudden increases of growth on the convex. No explana- 
tion of this difierence has hitherto been forthcoming. 
Under the action of light of difi'eroot intensities a growing 
organ may approach the source of light, or place itse.lf at 
right anglois or mov(‘ away from it. Again under the 
identical stimulus of gravity, the root moves downwards, 
ami the slioot upwards. The sign of response in difi'erent 
organs thus cliaiiges, apparently^ witliout any reason. It 
is thus seen, that there is hardly any responsive movement 
that has been observed of which an example directly to 
the contrary may not be found. For this reason it has 
appeared liopeless to unify these very divtirse phenomena, 
and there lias been a tendency towards a belief that it 
was not any definite physiological reaction, but the in- 
dividuality of the plant that determines the choice of its 
movement. 

The connilexities which baflle us may, however, arise 
from the combination of factors whose individual reactions 
are unknown to us. I shall show, for example, how the 
movement of a pulvinus under a given stimulus is deter- 
mined by the point of application, direct stimulus produc- 
ing one ell’ect, and indirect the diametrically opposite. 
The normal reaction is again modified by the tonic con- 
ilition of the plant. Theia* is again the likelihootl of 
the presence of other mo lifying factors. It is clear how 
very difi’erent the rt'sults wouhl become by the permutation 
and combination of these diverse factors. 

For a comprehensive study of the phenomenon of 
plant movement, it is therefore necessary to investigate 
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ill detail the effect of a given stimulus under detiiiite 
changes of the environiiiontal condition. With regar<l to a 
given stimulus we have to determine the eiVects of intensity, 
of duration, and of the point of application. The investiga- 
tion has to include the effects exhibited not merely by 
the pulvinated but also by growing organs. As a result 
of such a comprehensive study, it may ])erliaps be possible 
to discover some fundamental r(‘action opmaitive in bring- 
ing about the responsive movement in all plant organs. 

I shall, in tlie course of the following series of l^ipers, 
describe the differtoit apparatus l)y wluch t'u* inovement 
of pulvinated organ an<l its time-relatij>ns are autonnitically 
recorded. In a growing organ the imluced inovmuent under 
stimulus is brought about by tli(‘ change in its ra.t(‘ of 
growth. That the change is solely <lue to the paiticular 
stimulus can only he assured hy strict maintmiance of con- 
stancy of (‘xternal conditions, during tin* t)eriod of (*xperi- 
inent ; tliis constainjy can, in practice, he H‘'(;ured only for 
a short time. ddie necessity for shortening the period of 
experiment also arisi‘S from a <liir«*rent consideration ; for 
numerous and varii‘d are the stimulating and meclianical 
interactions between neighbouring organs. Th<‘se (dlects^ 
however, come into play after a certain lapse of time. 
Thej' uiay he eliminated hy reduction of the period of 
exp(‘riment. 

In order to shorten the p(3riod of experiment for the 
study of growth movejiients, the rah^ of growth has to h(i 
very highly magnified, so as to determine the absolute rate 
and its variations in the course of a minute or so. I shall 
in a suhsc(]ueiit Paper give full account of an a[>paratus 
I have been able to devise, hy which it is possible to 
record automatically the rate of growth magnified maiij 
thousand times. 
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I ritate<l that anomalies of plant movements would dis- 
appear, if wo succee<hNi in carryiufjf out in detail invOvStiga- 
tions of effects of the different individual factors in opera- 
tion. In illustration of this I shall, in the first Paper of 
the s(‘ries, give an account of the mysterious movement of 
tlui ‘Praying’ Palm of Karidpur, and describe the in- 
vestigations by which the piolilem found its solution. 



II.— TliK “ I^FIAYINO » PALM TLKL 


r>!l 


Str J. Bose, 


Aiiiiii>tc(l hi! 

Narexora Nath NK()(n, m.sc. 

Perhaps no |)li(‘noiuonon is so rtMniu’kablo and sliroiKlod 
\villi jLjroater iiiysn*vy as the piod'orinaiKti^s of a parlienlar 
l)at(‘ Ptilni t <*jir Faridpiir in B<‘n^al. In ih(‘ (ivtaiiiii,^, whih) 
the teinph* liells rin^^ ealliji<j; upon people to ])ray(‘r, this 
tree hows down as if to ]n*ostrat'' it ■;<df. It (‘reels its lo'ad 
Sixain in th«* nioniiiiiLt, and this prota'SS is n‘peaied ev(‘ry 
day of the year, ddiis ex i raordinary ph<*noni(nion lias Ikhhu 
rt'.'-ta ‘(led Jis mi racailons, and pil^ndnis liavo Im'imi attraedod 
in larj^n*. nnml)ers. It is all(‘«'(*d tlial. o^ltMin^^^s niadi^ to tln^ 
tr(‘ ‘ liav<3 Ix'on tin* tiH'ans of (‘IVi'etin^ marv(‘lloiis (Hires. It 
is not neca-ssary to proinnincvv^ any opinion on the siilijeet ; 
these ciir(‘S may he tak(‘n as e^^(udiv(^ as otluT faitli-cures 
noxv ]>revalent in the \V(*st. 

This particular Date Palm, thtr.ijA ifora^ is a fnll- 

^^n*own I’ii^id tia^e, its trunk heiii^ o nn‘tr(*s in len^ddi and 
25 cm, in diameter. It must hava*. been displaced by storm 
from tin*, vertical and is now at an inclination of about 
6h to tin* vertical In cons(‘(pnmce of tlie diurnal moV(j- 
nient, the trunk tiiroui^liout its entire length is erect(xi in 
tin* mornin", and depressinl in tln^ afternoon. Idie high- 
est point of the trunk tlius moves up and down tliroin^di 
one metre; the ‘ tieck,’ above the trunk, is co icavf*. to 
the sky in the iiiorniiig ; in the afternoon the curvature 

3 A 
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(lisa})|)ea,rs, or is oven slightly reversed. The large leaves 
which point higli up against the sky in the morning are 
tliiis swung rf>und i]i the afteriioo]i through a vertical 



1. TIk* Fariilpnr * I’rayinj' * Palm; the upper photograph r^hows^ position 
in the morning; the lower, position in the afternoon. The two fixed stakes 
are one metro in height. In front is teen erect trunk of a different Palm. 
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(listiiiice of about five nu‘tres. To the poj)ular imai^luatioii 
the* tree appears like a livini' i?iant, more than (\viei‘ tin* 
lieight of a human beinu^, which leans forward in the 
evenini? from its towering]: height and l)i'n Is its neck till 
the crown of leaves pre-^s against the ground in an 
apparent attitude of devotion (Fig. 1). Two vertical 
stakes, each one metre high, give* a gcmeral idea of the 
size of the tree and movements (»f the dilferent parts of 
the trunk. 

For an investigation in elucidation of this plKOiemenon 
it was necessary ; — 

1. To obtain an accurate record of the movement of 

the tree day and night, and <lett‘i*mine (lie tiint' 
of its maximum erection ami fall. 

2. To find whether this particular iiistance of move- 

ment was unitpii', or whetlnn' (h(‘ phenoimmon 
was universal. 

To discover tln‘ causi‘, of (he p(‘riodi(^ movenumt of 
the tn‘e. 

4. 'Fo find the reason of the remarkable similarity 
betw(‘en the diurnal movcnneni (d* th(‘ tree, and 
the diurnal variation «»f imdo-excitabilil y in 

J/////asrt jn(dicf(. 

r>. To determine tln^ ladative elfects of light and 
t(‘mperatui (* oti llu; inovemeid. 

(]. To demonstrate tlui ])h ysi(dogi<!al characler f>f tin' 
movement of the tnn*. 

7. To discover tluj physiological factor whost; varia- 
tion determines the din^ctive mov<‘in(*nt. 

TtfK llECORDING APPARATUS. 

I shall now describe the ])iincipl(‘ and (a)nstruction of 
my recording a])paratus (Fig. 2) seen attached to a liorizon- 
tally growing stem of Mimosa pudiat. When used to trace 
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by clock-work, C, makes the plate move t'orwanls aihl haek- 
wanis. The forward movement brings about a momentary 
contact of the recording tip with tht* smoked plate inscrib- 
ing a dot. These single dots are made at intervals of 15 
minutes ; at the expiration of the hour, however, contact 
is male three tinii'S in rapid succession, printijig a thick 
dot. It is thus easy to determine the movement of the tr('e 
at all times of the day and night. A second h'ver, R, })huH*il 
above, gives on tlie same plat{;, thermographic record of th(‘ 
diurnal variation of tem])eratu('e. l\)r this I ust‘ a diiV('r- 
cutial theinnonnder, T, ma<le of a compound strip of brass 
ami steel, (hirvature is imliiciMl by the dijfm’cntial expansion 
of the two i)ii‘ces of nndal, Tln^ up or down movenamt 
of tlie free laid of tln^ comixmml strip is further magiiiroMl 
by the recording levcn*. This arrangement was (‘xtremcly 
S(msiliv(^ and gave a(;curat'* rc'cord of variation of linn])era- 
tiire. By the forward movcimmt of tlu‘ oscillating plab; 
two dots an^ made at the saim^ tinuL- one for the imn- 
pej’alnrii and the otlier for the corresjMm ling mov(*ment of 
th(‘ tree. As the (wo r(*corders do not mov«‘ v(‘rii(;all\ up 
or down, hut describe a circle, th ^ d(ds vcndically om^ abovi‘ 
the other may not correspond as regards time. Any i>ossi- 
bility of error in calculation is obviated by tln^ fact tliat 
the thick dots in both tin; la^cords ar«< made evm’y lu)ur, 
and the subse(|uent thin tlots at intervals of 15 minutes. 

A dillic ilty arose at the beginning in (ddaining sanction 
of the ]jro[)ri(.Uor to attach tin* lajcorder to tlie tr<‘e. lie 
was apprehensive that its mirac does power might disapi)ear 
by profane^ contact with foreign-lociki ng instruments, ilis 
misgivings wen^ removed on tlui assiiranco that the instru- 
ment was ina<le in my laboratory in India, and that it 
would he attached to tlnj tna* by om^ of my assistants, 
who was the son of a prit'st. 

From results of observation it is found that the tree 
moves through its entire length ; the, fall of tln^ highest 
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point of the trunk is one metre. The movement is not 
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Fi^r. ;t. Record of diurnal movement of the ‘Praying’ Palm {PhnnU dacty- 
lifera). Thermographic curve for 24 hours commencing at 9 in the evening 
Is given in the upper record j the corresponding diurnal curve of movement of 
the tree is given in the lower. S icce»sive dots at intervals of In minutes ; 
thick d< ts at intervals of an hour. 
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passive, but an active force is exerted ; the force necessary 
to counteract this movement is equivalent to the weii^dit oi* 
17 kilograms: in other words, the force is sullicient (o lift a 
man off the ground. But far greater force would be re- 
(juiretl to restrain the change of curvature (d* the neck ol' 
the hard and rigid tr(*e. 

Before entering into the investigation cd* tin* caust‘ <d‘ 
ptu'iodic moveiiKuit I shall give a gemu'al account of its 
(diaracteristics. A casual observation would lead one to 
conclude that the tree lifti^d itself at sunrist' and t)rostrat(‘d 
at sunset. But continuous record obtained with my rei'order 
attached to the u})})er part of i]u‘ trunk shows that th(‘ 
tree was never at rest, hut in a sttite of continuous 
movement, which underwent periodic reversals (Fig. !>). 
The tree attained its maximum erection at 7 in tln^ morning, 
after which there is a rapid movem(*nt of fall. 1'he down 
movement reached its maximum at P.M., aft(‘r whiclj 

it wjis leversed and the tree erected itself to its grt‘ates( 
height at 7 next morning. This diurnal periodicity was 
maintained day aft(*r tlay. 


rXIVEUSALITV OP THEE MOVEMENT. 

The U'exi (piestion wliich 1 wished to invest igjite was 
whether the movennmt of the particular Faridpur tr(Mi was 
a unique phenomenon. It ajrpmireil more lik<dy that similar 
movement would, under careful observation, he detected in 
ail trees. The particular palm tree was growin;L> at a con- 
siderable inclination to the vertical ; the movoimmt of the 
tree and its leaves became easily noticceihh*, sinct* tlie 
ground afforded a fixed and striking object of reference. In 
a tree growing more or less erect, th(i iiiovmneiit, ii any, 
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would f*sc:i|)(‘ iif)ticr\ siiic<i aiicli movements would lu' oxe- 
cutod witli only tlui uiii])ty sjiaco as tho ])ackjj:roiiiid. 

ICj'pfirunr)it 1. — lUdieviii^' tho pheuoiiienon to he uni- 
versal I (vK|)eriin(!iit(*d with a diU'erent Date Palm that 
wiiS ^rowinj^ at my research stacioii at ISijharia on the 



iM'i. I. IvfCOnl of t li«‘ Sijl>;iri;i P:ilin fioiii iioOii fur ‘21 lionrs. Succf‘'=i‘^ivo dots. 
:it, intervals of Id minutes. 

Gani^u^s, situated at a distance oi about 200 miles from 
Farid pnr. The surrounding conditions were very dilferent. 
The tree was much youiii^^er; it was 2 metres in hei^dit and 
inclinetl 20^ to the vertical. The curve obtained with tliis 
tree (Fig. 4) was very similar to that of the Faridpur Palm, 
though the extent to the movement was much reduced. 
The tree attained the highest erect position at 7-ir> A.M. ami 
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the lowest at 3-4r> P.m. TIeiice the inoveuieul of tht‘ Kari«l- 
j)iir* Palm is not a solitary phenomenon. 

THE CAUSE OF PEUIODIC MOVEMENT. 

Tlie recurrent daily movement of the tiee nnist he <lin‘ 
to some diurnal changes in the en vironnnmt, cither tin* 
reciirriMU chanttes of ii^dit and vlarkness, or the diurnal (dian^'e.s 
of iem[)erat lire. These (dian^(‘S synelnonisc* to a eeriain 
ext'.mt ; for, as the sun risi'S, li^ht appears and tin' itnnpcu-a- 
lure l)i‘^ins to rise. It is therefore <lilheult to diseri mi nat(‘ 11 h‘ 
(‘llect of lijj^lit from tliat of t^nnperature. d'he only sal isfai-tory 
mtdhod of discrimination would have been in tin* tu'j'Clion 
of a large structure with screcms to cut off light. The (‘(1\*ct 
of lluctuation of t('ni])eratur(‘ under constant <larkn ‘ss would 
iiavt‘ (hmionstratod the elfect of one agent without eompliea- 
rioii arisilig from the otlnn\ Unfortunately seiaaming the tna^ 
was iin])racticahl(‘. 1 sliall pr(‘S(*ntly di'serilx* other experi- 
nnuils wJiere the action of light was comphuely i‘vo|ud(‘<|. 

The (Uirve of moveim'nt of the trecg how(‘V(M*, affords 
us mat(*rial for correcl inference as r(‘gards tlu^ relative' 
elficts of light and tempm*ature. d'he <*.\ p(‘riment was 
commenced in March ; light appeare<l at about o A..M., the 
sunrise being at 0-15 A.M. ; the sun Si't at t>-15 P.M., and it 
becaim^ dark by 7 P.M. The incident light would be tin* 
most intmise at about noon ; after this it would declim; 
continuously till night tinu^. If tlni moveimuit was due to 
light, its climax, either in up or <lown mov(uneut, would 
i)e reached at or about noon, and the opposite climax at 
midnight. Hut instead ef this we find (Fig. •)) the up- 
movement reaching its highest point not at noon, )>ut 
at 7 in the morning; after this the fall is rapid and 
Continuous, and tln^ lowest position was r(undn*d not in 
the evening but at .‘5-15 P.M. Th(^ Ibictuation of light has, 
therefore, iittle to do with tin* movement of the tree*. 
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Turniu^^ next to the element of variation of temperature 
we arc at once struck by the fact that the curve of move- 
ment of the tree is practically a replica of the thermo- 
i<raj)hic curve (Ki^^ Tin? fall of temperature is seen to 
induce a rifie in thi? tree and ricn vernd. There is a lag in 
the turnin.i( points of the two curves ; thus while tempera- 
ture bej'an to rise at d A.M., tlie tree did not begin to fall 
till 7 A.M. There? is in this case a lag of an hour ; but 
tin? Jaiml period may, sonndimes, be as long as three hours 
The delay is due to two reasons ; it must take some time 
for the thick trunk of tin? tree to attain the tmnperature 
of the surrounding, and secondly, the physiological inertia 
will delay the reaction. As a result of other investigations, 
1 find that the induce<l elfect always lags ])eliind the in- 
ducing cause. It is interesting in this connection to draw 
att(?ntion to the i)arallel ])henomenon, wliich is described 
below, of lag in the variation of sensibility of Mi?nosa in res- 
ponse to variation of tem])eraturc. In this case the lag was 
found to be about three hours. Returning to the Palm, tli(‘ 
tree continues to fall in the forenoon with rising temperature. 
At about P.M. the t(?mperature was at its maximum 

after which it began to decline ; the movement of the tree 
was not reversed into erection till after li-lf) P.M., the lag 
being now If) minutes nearly. 

1 may state h(*re that the movement of the tri ‘0 is not 
primarily alVected by the periodicity of day and night, but 
by variation of temperature. In spring and in early sum- 
mer the rise of temperature during the early part of the 
day and the fall of the temperature from aft(‘rnoon to 
next morning, are regular and continuous ; the corr.?sponding 
movements of the tree are also regular. But at other 
seasons, owing to the sudden change of direction of the 
wind, the fluctuations of temperature are irregular. Thus 
at night there may be a sudden rise, and in the earlier 
part of the day sudden fall of temperature. And the 
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record of movement of the tree is found to follow these 
ductuiations with astonishini^ fidelity, the rise of tcunperaturi' 
ludng followed by ii fall of the tree and rirr rrrsd, 

1"hat the movement is determined hy the teinperatur.* 
variation is exhibitiMl in a striking manner in Kig. 

where, between 8 and 0 A.M., a coninion twitch will h(‘ 

noticed in the two curves. 

While trying to obtain some clue to the inyst»*rious movi*- 
nient of tlie tree, my attention was strongly attrac^ted by 
c(‘rtain striking siiiiilarities which the la'cord of the niove- 
inent of the (r(M> showed to the curvi' of the diurnal 

variation of moto-excitability, of the pulvinus of 
/nfdir.a^ an account of which will be found in a subse- 
((uent Paper of the seri(‘s.* 


PKUIODIC MOVEMENT OF TREES ANO OIPHNAIi VAItlAl’ION 
OF MOTO-EXClTABUilTY IN .UIMosa rchiiW. 

The excitability of the main pulvinus of jmdicd 

1 find does not remain constant during tln^ 21 hours, but 
undergoes a striking periodic change. At certain hours of tin* 
day, thii excitability is at its maximum ; at a dilferent })eriod 
it practically disa\>pears. The period of iiiscmsibility is about 
7 A.M., which, strangely eiioiigh, is also the time when tln^ 
palm tree attains its maximum height. At about ,‘l in tin* 
afternoon the excitability of Mimosa reaches its climax, and 
this is the time when the head of the palm tre(‘ bends down 
lo its lowest position. For the determination of the periodica 
variation of excitability of Minwsa 1 devised a spcicial 
apparatus by which an electric stimulus of constant intimsiry 

See also Bose — Diurnal V^ariaiion of Moto-!vicit,abilit,y in Mimoya — Ann^tl- 
cf Botany, Vol. XXVII, No, OVIII, October, 
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was automatically applied to tho plant every hour of the 
day and nij,dit, the responsive moment bein^ recorded at 
the samfi time. The amplitude of responsive fall of leat 
under uniform stimulus f^ave a 'ueasnre of excitability of 



IJ a a 9 12 3 6 9 32 

Noon Midnight Noon 


Vv*. 6. (^irw of v.imtioii of itioLo-cxcit:ibili(y of Hirn'tsa putlicn. Tlio iippoi 
ciirv (3 i^'ives viiriiitioii of 1ein])erat.ur(; and the lower, the corresponding variation 
of excitability. 


the leaf at any particular moment In lower ciirvi^ 

of Fii?. o is i^iveii the record of diurnal variation of ex- 
citability of Mimom. Comparison of this figure with Figs. 

and 4, will show the remarkable resemblance between 
the curves of diurnal movement of the Palm tree, ami 
of diurnal variation of moto-exoitability of Mimum. The 
excitability of Mimosa reached its maximum at about :> 



THE ‘ PRAYING ’ PALM 


17 


ill the afternoon, when the Palm was at. its lowi^st ])esi- 
tion! After this hour excitability ft'll coniiniionsl y till 
7 or (S next morning. Correspoinliiii^ to this is the i^on- 
tiiuious erection of the Palm from its lowesi position 
at. 3 P.M* iG tlie lii^'host betwivn 7 and S a.m. Still more 
remarkable is Che iiiodifyin.ijf iulluonci* of variation of u in- 
pi'raiure on the diurnal curve of excitability in a/Z/y/esv/, 
and the diurnal curve of movenumt of the Palm. 'This 
will be (tuite evident from the inspection of tin' lemj)i‘ra- 
tun‘ curvt'S in Figs. 4 and f). 

I hav(3 sliowii elsewhere* that tin* variation of moKo 
(‘xcirabiliiy of the [lulvinus of Minn>^<(t is a physi(»loL(ical 
function of t(‘niperature. Tin* r<*marl<ahl(‘ sirnilariiy be- 
tween tln3 <liuinal variation of moto-excitability of 
and diurnal niov(*m(mt of the Palm is dm* to the fac.t thai 
boll aia^ d<*terniin(‘(l by tln^ physiological action of tem- 
perature. 1 shall pri‘S(mtly ihiscribe experiments, whicli 
will establish tln^ lihysiologic.al cha.ract(‘i* of the movi'meiit^ 
»d' the tret', in res[)onso to changes <»f tt'in pt'rat.u !•<*. 

'The r(*coT<ls ihai hav«* !n‘t*n givt'ii show (hat it is tin* 
diurnal variation of tt'iiijieraCure, ami not of light that is 
elfectivt' in inducing the ])(*riodie movement of the trt*e. 
Furth(*r expt'ri nients will be given in support of this con- 
cl usion. 


RELATIVE EFEKCTS OP LKiilT AM) TI0MJ»ER ATi; RK. 

As n*gards the possibility of light (‘.\(‘rting any marloid 
influence on the movenitmfc of tin* J'aliii tree, 1 hav<* shown 
from study of tinni-relations of the inov‘*m<mt, that this 
could not be tlie case. Moreover, it is im]>os^ibh* for light to 
reach the living tissmi through the thick layi.'r of hark 


Rose — •“ Irritability of IMhiUs, ” d. CO 
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that surrounds the tree. That the effect of light is negli- 
gible will appear from the accounts of following experiments, 
where the possiliility of the effect of changing intensity 
of light is excluded by maintaining the ])lant in constant 
darkness, or in constant light. 

The employment of the large Palm was obviously 
imi)racti cable in these investigations. 1/ therefore, 

searched for other plant-organs in which the movement 
under variation of temperature was similar to that of the 
l)at(‘, Palm. I found that the horizontally spread leaves of 
vigorous specimens of Areyujn aacchan'fera growing in a 
llower pot executed movements which were practically the 
same as that of the Faridpur tree. The leaf moved down- 
wards with rise of temperature and vicr, verm. 

There} are many practical a<ivantages in working with 

a small S|)ecimen. It can easily be placed under glass 
cover or taken to a glass houvse, thus completely eliminat- 
ing the troublesome ilisturbance caused by the wind. 

Diurnal niove^nent in continued darlcnesi^ : E.vperinieni 2 . — 
The plant was placed in a dark room and records taken 

continuously for three days. These did not differ in any 

way from the normal records taken in a glass house uiKhn* 
daily variation of light and darkness. Exposure of plant 
to darkness for the very prolonged period of a week or 
more, undoubtedly interferes with the healthy photo-tonic 
condition of the plant. But such unhealthy condition did 
not make its appearance in the first few days. 


FHYSIOLOCJICAL CHARACTER OF THE MOVEMENT. 

There may be a misgiving that the movement of the 
tree might be due to physical effect of temperature. If the 
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ui)pt3r strip of a diirorential tlicrniomidor he iiiado of tho 
luoro expansible brass and the lower of iron, tin' compound 
strip bends down with the rist^ of temperature. Similarly 
tlie movement of the tree inij^jht be duo to the upj)er half 
being physically more expansible. It would iiave been 
[)ossible to discriminate the physical from the physiological 
action by causing the death of the tree; in that case physi- 
cal movement would have persisted, while tlu^ physio- 
logical action would have disappeared. As this test was 
not practicable, I tried the eir(‘Ct of physiological depres- 
sion on the periodic movement of (he leaf of Artnitfn 
sttccharifera, 

Effect of Drought : Experiment o. — In Fig. (> is givmi 
a series of rcicords of movement of th(‘- leaf-stalk of Aroigu, 
first under normal condition, afterwaials under incToasing 
drought, brought about by withhobling water, Tln^ 
uppermost is the thermographic rt'cord which romaiiKMl 
l>ractically the same for successivi^ <lays. Ihdow this 
are records of movement of the h;af {a) uinhu’ normal 
condition, (Z^) after withholding water for (hrtu*. days, ainl 
(c) after deprivation for seven <Iays. It will lx; noticaxl how 
tlu^ extent of movement is <liminishe<l under increasing 
})hysiological depression brought on by d rough (. On the 
seventh day, the iNisponsive movement disap[)cared, thercj 
being now a inerii fall of tlui leaf, which was slow and 
continuous. After this I supplied tlui ])lant with wat<‘r and 
die periodic movement was in consiupience n‘‘<arly r(iS(.ore(l 
fo its original vigour. 


Effect of poisou : Experiment I , — In anotluu* (‘xixiriimuit 
Uie normal diurnal record with the loaf was takcni and 
die plant was afterwumls kilh^d by application of poison- 
ous solution of potassium cyanide, 'rin* diurnal movement 

I 
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was foiirid permanently abolished at the death of the 
plant. 



1' (). of pli y.^iolo^ical depie.sj<ion on diurnal nioveinent of the 

petiole of .l/v/n/a saccharifera. The uppermoat curve exhibits variation of 
temperature, (a), normal diurnal curve, (6), modification after 3 days’ and (c) 
after 7 days’ withholding of water. 

These experiments conclusively prove that the periodic 
movement of the leaf-stalk induced by variation of tem- 
perature is a physiological phenomenon, and from analogy 
we are justified in <lrawing the inference that the move- 
ment of the Faridpur tree is also physiological. The 
question, however, was finally settled by the unfortunate 
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ileath of the tree which occurred the other day, nearly a 
year* after I commenced my investigations. While presid- 
ing at my lecture on the subject, His Ex:cellency Lord 
Konaldshay, the Governor of Bengal, announced that a tele- 
gram had jiist reacheil him from his oflicer at Farid})ur 
that “the palm tree was dead, and that its movements had 
eeased.” 

Since my investigation with the Faridpiir ‘Praying, 
Palm, I have received information regarding other i’alms, 
which exhibit movejiients equally striking. Oin* of the 
treiis is growing by the side of a tank, the trunk of the 
tree? being inclined towards it. The up-lifted leaves of 
this tree ari^ swung round in the afternoon and di])ped 
into the water of the tank. 

The movement of the tree has been shown to be 
brought about by tin* physiological action of temperature 
variation ; in other words the diurnal movement of the 
‘ Praying’ Palm is a THERMONAi^Tlc phenomenon. I have 
found various creeping stems, branches and leaves of 
many trees, exhibit this particular movement of fall with 
a rise of temperature, and vice verad. Such movements, 
I shall, for the sake of convenience, distinguish as belong- 
ing to the netjedive type. 

Having found that the temperature is the modifying 
cause, the pext point of inquiry relates to the discovery of 
the force, whoso varying effects under changing temperature 
induces the periodic movement. I shall, in this connec- 
tion, first discuss the various tentative theories that may 
be advanced in explanation of the movement. 


TRANSPIRATION AND DIURNAL MOVEMENT. 

It may be thought that the fall of the tree during 
rise of temperature may be due to passive yielding of tin*. 

4 A 
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tree to its weight, there being increased transpiration and 
g(nioral loss of turgor at high temperature. I shall, how- 
ever, show that the diurnal movement persists in the 
absence, of transpiration. 

Diurnal mnvainent In absentee of trans2Jiration : Expert- 
rnent 6. — In thi^ leaf of Areyiga sacohariferUy I found that 
the. petiole was tin* organ of movement. I cut off the 
transpiring lamina and covered the cut end with collodion 
fh^xile. Th<i plant was now place ! in a chamber saturated 
with iijoistun^. The petiole continued to give records of 
its diurnal movtunent in every way similar to the record 
of the intact leaf. In , another experiment with the water 
])lant, Ipoemta rejdanny immersed in water, the normal 
diurnal movement was given by the plant, where there 
could be no question of variation of turgor due to trans- 
piration. (Se(^ also ExpL, 7.) 

In the diurnal movement of the ‘ Praying ’ Palm the 
concav(i curvature of the rigid neck in the morning, 
became flattened or slightly convex in the afternoon. 
The force necessary to cause this is enormously great, and 
could on no account result from tiu‘. passive yielding to 
the weight of the upper part of the tree. 

From the facts given above it will be seen that the 
diurnal movement is not brought about by variation in 
transpiration. I now turn to another phenomenon which 
a])poar(*d at first to have some connection with the move- 
ment of the tree. Kraus found that the tissue tensions of 
a shoot exhibit a daily periodicity. He, however, found 
that between 10^0. and 30^C., variation of temperature 
had no effect on the daily period. But as regards the 
diurnal movement of the tree, it is the temperature which 
is the principal factor. Kraus also found a daily variation 
of bulk in different plant-organs ; this variation of bulk 
is connected with transpiration, for the removal of the 
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transpirin" leaves arrested this variation. Hut the periodic 
movement of the tree, as we have seen, is independent 
of transpiration. 

Millardet observed a daily periodicity of tension in 
Mimasa pudica, lie found that luaximuni tension occurs 
before dawn ; the petioU^ becomes (uected, the inoveinent 
bein^ upwards or towards tln^ tip of the stmn. Ttuision 
decreases during the day, and reach(*s a ininimuin early 
in the evening ; in correspondence with this is the fall 
of the petioli‘, the movement being away from tlie ti}) 
of the stem.* If the plant were ])iacod upside down tlu^ 
periodic movement of the petioh^ in relation to the stem 
will evidently remain the same, but become reversed in 
space. Maximum tension in the morning will mak(^ the 
petiole approach tlie tip of the siem, thij moveimmt 

will be douniwards instead of upwards as in the normal 
position. The exp(‘riinent described below will show that 
the diurnal movmnent induccMl by variation of temperature 
is not reversed by placing the plant in an inverted posi- 
tion. 

Diur)iat movement in diverted, posilitm : Experiment 
(). — I took a vigorous s])ecimen of Areiuja savA'Iiarifera grow- 
ing in a pot, and took its normal record, which as explaintsl 
before exhibited down-movement during rise, and an up- 
movement during fall of temperature. The plant was now 
held inverted, the upper side of the ptitiole now facing th(^ 
earth. The diurnal curve of movement should now show 
an inversion, if that movennmt was solely determined by 
the anisotropy of the organ. Hut the record <lid not exhibit 
any such inversion. After being placcnl upside down, the 
leaf did not, on the first day, show any diurnal movement; 
there was, on the other hand, a continuous down-movement 


Vines.— ‘ Pliysiology of Plants,’ 1 « 80 , pp. tOfi and ai:!. 
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on account of the fall of the leaf hy its own weight. 
But in the course of 24 hours the leaf readjusted itsdlf to 
its unaccustomed position, and became somewhat erected 
under the action of geotropic stimulus. After the attain- 
imuit of this new state of geotropic equilibrium, the leaf 
gave a very pronounced record of its diurnal movement 
which did not show any reversal ; the inverted leaf con- 
tinued to exhihit the same characteristic movements as in 
the normal position, that is to say, a down movement 
during ri.s(3, and an up-movement during fall of temperature. 
As the plant in the inverted position did not show any 
rciversal of the periodic curve, it is clear that the diurnal 
movement is determined hy the modifying influence of 
temperature on the physiological reaction of the plant to 
some external stimulus which is constant in direction, I 
shall presently show that it is the constant geotropic stimulus 
modified by the action of temperature, which determines the 
diurnal movement of the tree. 

This will be better understood if I refer once more to 
certain characteristics in the movement of the ‘‘Praying’* 
Palm. The in‘ck of the tree was se(»n to be concave in 
the morning. The physiological eflect of raising tempera- 
ture is virtually to oppose or neutralise the gootropic curva- 
ture as seen in the flattening or slight reversal of curvature 
in the afternoon. Similarly, various plant organs, growing 
at aji inclination to the vertical, are subjected to geotropic 
action, and thus assume different characteristic angles. This 
state of ('quilibrium is not static but may better be de- 
scrilanl as dynamic ; for it will be showm that this state of 
geotropic balance is U}>set in a definite way, by variation 
of temperature. 

That geotropism is an important factor in the diurnal 
movement is 8U})ported by the fact that the Sijbaria Palm with 
an inclination of 20^ to the vertical exhibited a daily 
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movement which was only moderate in extent. Ihit the 
Faritlpur Palm growini^ at an inclination of tnP was 
subjected more effectively to geotropic action, ainl exhibited 
movements which were far more pronounceil. I shall now 
proceed to describe crucial experiments which will (bmioii- 
strate the etfect of change of temperature on geotropic 
curvature. 


EFFECT OP VARIATION OP TEMPERATURE ON OEOTROPIC 

CURVATURE. 

In the instances of diurnal movement already described 
the trees or their leaves were aln^ady at an incliuation to 
the vertical. I now took a radial and erect shoot of 
Basplld cordifoli(t growing in a pot and laid it horizontal- 
ly for two weeks. The ])rocuml)ent stem ciirv(vl iq) and 
attained a stat(‘ of equilibrium und(‘r tin) a(;tion of geotropic 
stimulus. 

Diurnal currr of Basel la cordi folia : K.rpGvime'ni 7. — 
The plant was comphdely immersi'd in a vessel of water, 
and its diurnal curve recorded. This resembled in all 
essentials the diurnal curve of the Palm ; the slight 
deviation was due to the fact that owing to difference in 
the season (August) the tcmiperatun^ maximum was attain- 
ed at 12-25 P. M., and the minimum at G a. at. The g.*otro- 
pic curvaturti was reduced to its minimum at the maximum 
temperature, and vice As in the case of the Palm 

so also in the procumbent stem of BaseUa tln^n^ was a 
physiological lag, which was 50 minutes in tln^ morning 
and about the same in the afternoon. The free end of 
the stem thus exhibited a <liurnal movement up and down. 
The temperature, as stated ])efore, began to rise from 
6 A. M. and the dowh-movernent commenced 50 minutes 
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latnr, i.e., at O-ftO a. m. The temperature, after reaching 



Fi}.'. 7. Diiinial cmvo n{ niovfinont of proctiniheiit yoiin^ stem of Mimosa 
pmfica. Sii(Tes«sivc dots :it intorvnl-; of lo mhiutcs. 

tho inaxiiiiuin, to fall at 12-25 \\ M., and the pre- 

vious luovoinont of fall of tho stem was arrested and 
revtirsed into an (‘reetil(‘ movement shortly after I P. M. 
Thert^ arti thus two "‘turiiiiii^ points,” oiu^ at 7 A. M., and 
the other at about 1 P.M. : at these periods the movement 
of the plant remains more or less arrested for more than 
half-an-hour, 

I obtained records of similar diurnal movements with 
various proeiiniheiit or creeping stems. Fi^mre 7 gives the 
diurnal record of the procuinhent stem of a young specimen 
of Mhnosd pndiai, 

Tho experiment that has just been described shows 
clearly that geotropic curvatures of stems is opposed, or 
neutralised to a greater or less extent, during rise of tem- 
perature, and this antagonistic reaction is removed during 
the fall of temperature. The diurnal movement of the 
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plant completely immersed under water shows once more 
that# transpiration has little to do with the dinrnal move- 
ment. 


REVRHSAL OF XATUIIAL IIHVTHM. 

The diurnal rhythm of u]> and down movement in 
the particular specimen Bdi^pJIa had become established 
under the daily variation of tcunpcn-ature. I now atttmipt- 
ed to reverse this rhythm by artificial variation of tem- 
j)erature. The plant was ])laced in water in a ri'Ctan^iiIar 
metallic vessel which was ])Iaced within a second outm* 
vessel. The plant conhl thus be subject(‘(l, without any 
inechanical disturbanc(\ to variation of tmnjxTaturi', by 
circulatiiii^ warm or cold wat(‘r in th(‘ outiT vessel. In 
order to revers(^ the natural rhythm 1 subjected tln^ plant 
to the action of falling tem])erature at the “turninj'’' point 
at 7 A. M., at a time wlum the plant would have* under- 
^u)ne a dowii-movemimt under tln^ <laily ris(^ of bnnjH^ratiuai. 
Conversely tht^ plant was subjt‘cted to tlu^ action of rising 
temperature at the second “ turning ” point at 1 P. M., when 
the movement under tliurnal fall of tt‘m})orature wouhl 
have been one of erection. 

Effect of fall of temperature: K.rpcrinienl S . — As stated 
before the experiment was carried out in the morning; 
ice cold water was circulated in the outer chamber, the 
fall of temperature was in this case', suddem, and th(u*e was 
an almost im media t(^ ri*sponsive movement, d'his ai)peared 
anomalous, since the latent period of response to slow 
variation of temperature was found from tlui diurnal curve 
to be as long as oO minutes. 

As a result of further investigations I found that variation 
of temperature produces two differtmt effects which may Ixi 
distinguished as transient and jxTsistent. Sudden variation 
of temperature affects the superficial tissue, and gives rise 
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to a transient reaction, while it takes a lonj? time for 
temperature variation to react on the j^eotropically active 
tissue in the interior. The persistent effect therefore takes 
place after a latent period from one to three hours accord- 
ing to the thickness of the plant. 

The persistent effect of rise of temperature is a move- 
ment downwards, that of tall of temperature is a move- 
ment upwards. Th(‘se definite reactions will be seen 
exhibited in Figs. <S and IL The plant was stationary at the 
turning point in tiui morning hence the curve at first was 
horizontal. The temperature was gradually lowered through 
5 C., from 29 (J, to 24 C. in the course of five minutes 
and maintained at the lower temperature. There was no 
immediate effect, but after a latent period of 65 minutes 
the plant responded by a movement of erection. The 
natural movement at this period of the day would have 
been oik* of fall, but artificial change of temperature in 
the opposite direction effectively reversed the normal 
diurnal movement. The latent period for this reverse 



Fig. 8. Fig. 0. 

Fig. 8. Reversal of normal rhythm : Erectile response fiasella to gradual fall 
of temperature. 

Fig. t>. R<*spousive fall of liasella to gradual rise of temperature. 

(Dots at i itervals of minutes). 
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movement is, as stated before, 65 minutes as against 50 
minates in the normal diurnal movtunent. The increase 
in the latent period is probably due to rlu^ added pliysio- 
logical inertia in reversincj the normal rhythm. 

Effect nf j'ise of tempcrahire : E.cperimoif 0 , — The tem- 
perature was raised through 5^0 at the second turning point 
at 1 P.M. After a lattmt period of 50 minutes the plant 
began to rise steadily (Fig. 9) thus exhibiting once more 
the reversal of its normal diurnal movement. 

From the ex})erinients tlescribed above it will be seen 
that the movement of the Palm, and of other organs growing 
at an inclination to the vertical, is brought about by the 
action of temperature in modifying the geotropic curvature. 
The ever present tendency of geotropic movemcmt is opposed 
or helped by the physiological reaction induced ])y rise 
and fall of temperature lespectively. The vStato of e(ini li- 
brium is never p<*rmani‘nt, but the dynamic balance is 
being constantly readjust(Ml under changing conditions of 
the environment. 

The movement of th(' tree furnishes an example of 
the negatim type of thekmonastic movement. Parallel 
phenomena are found in floral organs, where, in the well- 
known instance of Crocioi, the perianth leaves open out- 
wards during rise of temperature and close inwards during 
the onset of cold. Looked at from abov(!, the opening out- 
wards during rise of temperature is a Tnoveimmt downwards, 
and therefore belongs to the Ncgatit^e type. In such cases 
the changed rate of growth by variation of temperaturt* 
is the most important factor in the movement. It may 
be asked whether all thermonastic movements must neces- 
sarily belong to the negative type, where rise of tempera- 
ture is attended by a movement downwards. I shall in 
my Paper on “ Thermonastic Phenomena ” show that there 
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is :iIho a posiiim tifpf* whert^ rise of temperature induces an 
up-mov(*Tneut or of closnrr*. 

SUMMARY. 

1"he ‘Praying’ Palm of Faridpur, growing at an 
iiudination of about 60^ to the vertical, exhibited a diurnal 
mov(uri(*nt by which its head became erected in the morning 
an<l (b*j)ressed towards the afternoon, the outspread leaves 
pr(issing against the ground. 

Th(‘ record of tlie diurnal movement show(ul that the 
head wa-^ erected to the highest ])ositio7i between 7 and S 
in tho* morning, afbu- which there was a continuous fall 
which r(*aclied its climax at .‘l-lo P.M, ; after this the m{)ve- 
mi*nt was reversed and the maximum erection was again 
reach(*d next morning. 

This phenomenon is not unique, but is found exhibited, 
more or lo^s, by all tree 4 and their branches and leaves. 

Diurnal records of temperatures and movement of the 
trc'C showed, that the two curves closely resembled each 
other. Rise of torn[)(^rature was attended by a fall of the 
tr(M', and vlct* versa, 9 3^)9 

Tin* movement is brought about by the physiological 
action of temperature ; it may be arrested by artificially 
induced physiological depression, and is permanently 
abolished at death. 

The movement is primarily determined by tin* modify- 
ing intluence of temperature on geotropic curvature. Risi* 
of temperature is fouml to oppose or neutralise geotropic 
curvature, the fall of temperature inducing the opposite 
effect. The ever present tendency of upwards geotropic 
movement is opposed or helped by the effects of rise and 
fall of temperature respectively. 

The movement of the “Praying” Palm is a thermonastic 
phenomenon. The tree, apparently so rigid, responds as a 
gigantic pulvinoid to the changes of its environment. 



III.— ACTION OF STIMULUS ON VFOETABLE TISSUES 




Sir .L C . Bosk, 


Ansi staff htf 


Narrndua Nath Skx Oupta. 

The loaf of Mimosa pudica uri(ler^^)es a rapid fail whoii 
8iil)jectod to any kind of nhock. This plant lias, thoroforo, 
been regarded as “ sensitive, ” in e(nitra<listincti()n to ordinary 
plants which remain apparently immobile under exti'rnal 
stimulus. I shall, however, show in course of tliis Paper 
that there is no justitication in regarding ordinary plants 
as insensitive. 

Lot us first take any radial organ of a plant and subject 
it to an electric shock. It will i)e found that tin* organ 
undergoes a contraction in length in n^sponse to th(i 
stimulus. On the cessation of excitation the specimen 
gradually recovers its original length. Different organs of 
plant may be employed for the, experiment, for example, 
the tendril of Cucnrhita, the pistil of Datura, or the 
flower bud of Orinum, Tlie shortening may bf* oliserved by 
meane of a low power microscope. Greater iinporlaiice is, 
however, attached to the detailed study of response and its 
time relations. The pull exerted by a delicate organ during 
its excitatory contraction is slight ; hence arises the injces- 
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sity of <levi8in^y a very seiiaitive apparatus, which would 
;^ivo records mugnifie<l from ten to a hundre<l times. 


RESPONSE RECORDERS. 

Th<; maf^nification of movfimuit is produced by a light 
lever, tlie short arm of which is attached to the plant 
organ, the long arm tracing the record on a moving smoked 
plate of glass. The axis of the lever is supported by jewel 
bearings. The princii)al ditliciiUy in obtaining accurate 
r(*cord of response of plant lies in the friction of contact 
of tln‘ recording ])oint against the glass surface. This 
dilliculty I have been able to overcome by providing a 
device of intennittcmt instead of continuous contact. For 
this, either the writ;!* is made to vibrate to and fro, or 
the recording plate is made to oscillate backwards and 
forwards. 

J. Ilia Recorder , — In this the writing l(^v(*r is 

made of a tim? stt*el wire. One end of this wire is supportet^l 
at the centre of a circular electromagnet ; this latter is 
periodically magmTised by a coercing vibrator, which com- 
pletes an electric circuit ten hiin<lred, or two hundred times 
in a second. The writing lever is exactly tuned to the 
vibrating interrupter and is thus thrown into sympathetic 
vibration. Successive dots in the record thus measure time 
from 0*1 to 0*03 second. The employment of the Resonant 
Recorder enables us to measure extremely short periods of 
time for the determination of the latent period or the 
velocity of transmission of excitation. 

2. The Magnetic Tapi)er , — Measurement of very short 
intervals is not necessary in ordinary records of res- 

For detailed description cj. Bose.— “ An Automatic Method for Investigation 
of Velocity of Transmission of Excitation in Mimma'' — Phil. Trans., B. vol. 204, 
(1913). 
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ponse. In this type of reconiers, the circular maj^net is 
therefore excited at longer intervals, from several st*conds 
to several minutes ; this is done by comphdion of the 
electric circuit at the required intervals, by means of a 
key operated by a clock. 

The Mechanimt Tapimi \ — In this, magnetic tappiiu: 
is discarded in favour of mechanical tapping. The hinged 
writing lever is periodically pressed against the ri*cording 
plate by a long arm, actuated by clock-work. 

4. The Oscillating Recorder, — Ibu-e the plaU* ihs('lf is 
maile to oscillate to-and-fro by eccentric workevl by a 
clock. The frame carrying the plate moves on ball- 
bearings. The advantage of the Oscillating K(‘Corder lies in 
the fact that a long lever, made of line glass libre, or 
of aluminium wire, may employed for giving high 

magnification. A magnification of a hundrtHl tilings may 
be easily obtained by making the short arm ii*') mm. and 
the long arm 25 cm. in length.* 


RESFONSE OF A RADIAL UR(iAN. 

FjA'pcriment 10, — As a typical examjile I shall describe the 
response of a straight teinlril of Pansijlitra, A cut spj'cimeii 
was mounted with its lower end in water. Suitable electric 
connections wore made for sending a feeble imluction shock 
of short duration through the specimen. In this and all 
other records, unless contrary be stated, up-curve re- 
presents contractile movement. On application of stimulus 
of electric shock, an excitatory movement of contrac- 
tion occurred which shortly reached its maximum ; the apex- 
time was one minute an<l forty seconds, and recovery 
was completed after a further period of five minutes 


[3oee— UesciircheH on Irritability of Plant.H,” p. 279— Lorij^mans, (rreen Co. 
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ID). Stroni'.T shocks induce greater contraction 



Fi}'. 10. Ilc.sponst* of a straight n-.idril of Pnxsi/Iorn to ulectric shock. Suc- 
cessive dots at intervals of 5 seconds. The vertical lines below arc at intervals 
of a minute. In this and in all following records (unless stated to the contrary) 
up-enrve represents contraction, and down-curve e.\pan.sion or recovery. 

with prolongation ot* th(3 period ot recovery. The fjpoci- 
im3n watj afterwards killed by application of poisonous 
soliilion of j)(>tassiuin cyanide ; this brought about a per- 
inaiusnl abolition of response. The experiment just 
devseribed may uo taktni as typical of response of radial 
organs. 

In a radial organ contraction takes place equally in 
all directions ; it theridore shortens in length, there being 
no movement in a lateral plane. But if any agency 
renders one side less excitable than its opposite, diffuse 
stimulation will then induce greater contraction on the more 
e.xcitable side which will therefore become concave. 

HBSPON8E OF AN ANISOTROPIC ORGAN. 

E.\cessive stimulation is found to reduce the excitability 
of an organ. Under unilateral mechanical stimulation a 
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tendril of Pdssi fiord becomes hooked or coiled, the con- 
cav<5 bein^' the (*xciied sidt*. From what has been saiil, 
the unexcited convex si<le will relatively be the more 
excitable. 

Kxperiiwoit 1 1 , — 1 took a specimen of hooki'd tendril, 
and . excited it by an electric shock. The respons * was 
b,y the <^reat *r contraction of the more excitable convex 
side, on account of which the curved specimtMi (imded to 
open o’lt. Idle record of this rt'sponse is ^ocn in Fitt. 11; 



Kip;. 11. ■ oi n liookcfl •»(' rds.^iftunt U/ vli-cirir ^bock. Siio 

ccs-iive :il. iiitt'rviiJ'S of ^ecuiul.'*. 

the apex-tiiii'c was nearly two miu'itcs, ami th«* recovery 
was coniplet(*(i in the furtlcT coursi* of 1.5 minut«‘S. 

From the reS})onS(»s of or*' ins rendered anisotropic by the 
dill'erential action of tiie environment we pass to others 
which show certain ainomit of anatomical and pliySM)logi- 
cal ditlVrentiation between their upper and lower sides. I 
find that many petioles of leaves show inovmnent in re- 
Sjionse to stimulus. Many pulvini, ^'enerally rt^garded as 


o 
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ins^^nsitive, are also found to exhibit responsive move- 
ments. 


RESPONSE OF THE PULVINUS OF l>rbW.\, 

'Fhe iiiosL striking and familiar e .airiple of response is 
a:loi(i(^d by the main ])iilvinns of Miinnsd iniltca ot which 
a record is gi\en in Fig. 12. It is gcuierally assumed 



12. (*f tli‘- itniii }iulviiui> oi .]fi)n<jsn p'liix'fi. 

that sensibility is contined to the lowin' halt of tlie organ. 
It will be shown in a subsiHjuent Paper that this is not 
tlie case. The n])|)(*r half of the pnlviiius is also sensitive 
though in a feeble degree, its excitability being about (SO 
times b'ss than that of the lower half. On ditl’iise stimu- 
lation tilt* predominant contraction of the lowt‘r half causes 
the fall of the lt*af, the antagonistic reaction of the upper 
half being, in practice, negligible. In order to avoid un- 
necessary repetition, I shall ignore the feeble antagonistic 
reaction of the les.s excitable half of the organ, and shall 
use the word ‘ contraction ’ for ‘ relatively greater con- 
traction.’ 



A(’Ti()N OF STiMi’LUs ON vi:(;ktaiu.k tissffs 1^7 

It is interesting in this conneetion to ret'ei* to tiie re- 
sponse of the ieaf of Water Mimosa (AV/>//ooW- alrrarra). 
Here the reaction is very sluggish in eonii)arison with that 
of p^fdira. A tabular statement of contract ih‘ ri‘- 

sponse of various radial, anisotropic and pulvinated organs 
will show a continuity in the contractiU^ n'action : the dillVu*- 
ence exhibited is a (juestion of <legree and not of kind. 

TAJUa: I. — l‘Kl{ini)S nr 'IWIMCM M>\ r!lA« I in.s AM' nr i: Ki nv K JM nr 
nirmiKN'i !m,ani>. 

• I’lTioa oi Ml.tXI- 

S| x'v'imcti mum <Nintr:u’- ot 

hudiai oi ^aii : 

Toiidril nf l^dfisijf or(( ... ... 100 srrt»n'ls , 1 iMiiiiitc'^. 

Anisotropic organ : 

Hooked t<*n(lril of l*ass'>jlnr(i ... lliU ,, I 

Pulvinated organ ; 

Ihdvinns of 0/i'r</<va ... ISO ,, 57 ,, ; 

i Pulvinus of j)Uf/ird ... ,, 1 (J ,, j 

As regards the t*xcitatory fall of the leaf of 
Mimosa ijarlica, I'folhu’ and Haberlandt, an^ of opinion 
that this is due to the sudden diminution of turgor in tlie 
excited lower half of the pulvinus. Tin* wi‘ight of the 
leaf, no longer snpporte 1 by tin* distended lower cells, 
causes it to fall. This is accentuated by tlni ex})arision of 
the upper half of the pulvinus which is normally in a state 
of compression. According to this vi(*w the f*xcitatory fall 
of the leaf is a passive, rather than an active*, Tnove'irnmt. 
I have, however, found that in determining the rapidity of 

5 A 
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the tall of Mintosa loaf the factors of t‘xpansive force of 
the upper half llic ]>uiviniis aiul the weight of tl^e leaf 
are iiegligil)le coinpareil to the active force of contraction 
exerted hy the Iowlt half of tht‘ piilvinus (p. S7). 

With ri‘gard to tl»e fall of turgor, it is not definitely 
known whelluu’ excitation eatises a sudden diininiition in the 
osmotic sirtmgth of tin* c-dl-sa[) or au increase in the 
periu(‘{il)iii ty of tlu‘ oetoplast to tin* osmotic constituents 
of tli(^ (•(•II. Pfeifer favours the fornun* vii^w, while others 
support the theory of variation of permeability.* 


ItKStMtNSL OF l*rLVINUS OF .in.Ucsi ro VAKtATION OF 

TlTlOJOIt. 

Whatevtu* ditferenct^ of opiidou there tnay be in regard 
to tln^ theories of osmotic and perni'‘al)ility variations, we 
hiive the iudubitabU^ fact of diniinution of turgor and 
cotitractile fall of the pnlvinus of Mihi^sd under excita- 
tion. The restoration of th(‘ origimil turgor Itrings about 
recovery and erection of the leaf. In connection with 
this the following expi*riments on resjtonsive movements 
of the lejif uinhu- artiticial variation of turgor will be 
found of interest : — 


* Witti ivfcroncc t<> the f'.ill of loaf .lost s.mss: ** W’lioii (ho pro^siu*' 

ot the coll (looroases wo naturally jis'.uiiio to he <liio to a deoreasin.: 

oumutir pressure duo to alteiation-i in tho poriuoahility of the plasma, aiid an 
oxcrotiou of iniito»aals from tho coll. It is a roinarkahlo faol that plasmolytio 
ro'ioarch (Hilbnij' 1881 ) alVords no evidoin'i' of :iny droroaso in osmotic pressure. 
No oomplcto in.-.i^h<. i?ito (h** ni**ohaiiisiu of tin* stimulus moveimmt in Mimouf 
has yot boon obtained, :iltln#iij;h one thinij is coriain. that thore is a decrease 
in tho expan.sivo power on tho under side of tho articulation.”— .Tost. Plate 
Phyaiolo^y ” — Fnglish Ti-an>^lation. p. (^larondoii Pros.'j (n* 07 ). Blackman aiin 

Paine think that the li>ss of turgor on excitation “is [)robably due to the dis 
appear.uicc or inactivation of a oonsidorablo portion of the osmotic substances of 
the cells.’*— Annals of Botany. Vol. XXXII. No. CXXXV.Jan. 1918. 
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Kj[rf}ct (if I'icrtuined Turgur : K.rperimt'nl 1 :?. — A youn^ 
.Ui???osa pjant was cart^'iilly ti* iiisplanfiMl aiul tho root 
enibe bied in soil plac^nl in a liiion ha.ij:. This was liold 

secur.dy hy a elainp, ami on ‘ of tlu‘ loave> of tho plant 
iittachod to the recorder. Wi thholdi ntjf of watm* for a ilay 

caused a nieral loss of turgor of tlie plant. A vessel 

fall of water was now rais(‘d from below so that the 
linen bag containing the roots was now in water. Idn* 

efiect of increased turgor by sinuion of wati'r by tin* 

roots becatne apparent by the tf//{rnr} movement of the 

leaf. The distance between the immersed portion of th(‘ 

plant and the leaf was 2 cm. a'.id th ‘ up-inovenumt of 

tho leaf was indicated within Id seconds of applicaition of 
wat(*r (Kig. Id). The vebxrity with wdiich the edect of 



Ki'^. Kl. of v:iri:e. ion of IncH-as*'! 1 iir^^or 

by iipplicat ion of wal»‘r at point. inark»-<l witii \crt ir.;«l m row iiniiifcd il** iimvc 
me»"t. Diminution of turgor by application of KNO. soliuion :il the point, markfd 
with the horizontal arrow, brought about tin* fall r.f the leaf within «0 seOOnUH. 
.Successive dot** at intervals of f*'*ei»nd' l Tiie rlr)vvn curve repre*.ent- up-moveniPrtl 
•ind vicf vi'i-ftl.) 
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inereasod tur^^or traveUed was tlius 2 mm. per second. 
The leaf evliibiKMl inereasiiiji' erection with absorption of 
water. 

Effect o/ Diinlnuliiui of Ttiryor : E.f'periment V], — 
While th(^ leaf in the above experiment was in process of 
erection, a (jnicdc clianee was made b> substituting KNO3 
solution for tin* water of lla^ vessel in which t]u‘ roots 
were iiuinersed. 'rh(‘ plasmolytic withdrawal of water at 
tlie roots gave ris * to a wave of diminished turgoi, the 
(died of which became perceptible within 40 seconds l)y 
tin* mov(*inent of fa// of tin* leaf. (Fig. l.‘b) 


DIPFFJIKNT MODES OF STTMULATION. 

In Mimosa excitation is manif(‘sted by the contraction 
of the pulvinus and tin* cons(*(jU(mt moveni(‘nt of the leaf. 
But in most [)lants, excitatory movefn(‘nt cannot In* realiz- 
ed on account t»f the rigidity <»f tlni plant structure, the 
thickness of tin; cell-wall and the wjint of facility for 
escajx^ ol’ wat(*r from the excitt*d cells. I shall show' later 
how (*xcitation may In^ d(*t(‘ct *d in tin* absenca* of nn*chani- 
cal mov(mn‘nt. 

As regards sii mutation of vegetabh^ tissues, th(*re are 
various ag(*ncies bi*sid('s (d(*c(ric shock, which induce excita- 
tory contraction ; iheso agencies J shall designate as stimuli. 
Kxcitation is di*t(*cte<l in Mim^tsff by tin* downward move- 
nu*nt of the b‘af. It will In* found that such excitatory 
inovcjin'nt is caused by a nn*chanical blow', by a prick or 
a cut, by tin* application of certain chemical agents, by 
the action of electric current and by the action of strong 
light. Tin* study of tlie action of theS(* stimuli w’ill be 
given ill great^*r detail in subsciiuent rap(‘rs. 



ACTION OF STIMULUS OX VFO^y^ABLF TlSSUFS 


41 


I shall bolow ii .u:eneral chissitication of (lilTon*nt 

stimuli which cause excitation in vei^etable tissues. 

Electric StiniNhfH. — In<luction shock, condenser disclnir^u*, 
the make of katho(h‘ and the break of anodt*. 

Mcchfinica! St iniuhti^.- — Mt‘chanieal ])lo\v, frii^tion, prick 
or cut. 

Cheniiral Stinnit — of certain acids, and of 

other clnnnical substances. 

Tlieinnat Stinnft f(s, — Suddmi variation of temperature ; 
applic.atioii of heatiMl win'. 

Radiation St i mat as. — Luminous radiation of tlu' more 
refrangible portion o\' the spi'Ciruni ; ultra-violet rays ; 
tlu'rmal radiation in lh«‘ infra-red rc'i'ion. 

All tlu'se did’erent forms of stimulus indina^ an I'xcita- 
tory contraction, a diminution of tnr^u)r, and a m'^^titivt; 
mecnaniciil response or fall of <i motile leaf. 


SUM M Alt V. 

A radial orijfan respondf^ to stimulus by (contraction iii 
lenj'th ; as all its Hanks are e(|ually (cxeitabb* theia* is no 
lateral movenu'nt under dilfus • stimulus. 

Physiological jinisot rophy is inducavl in an organ, origin- 
ally riidial and isotropic, by tine unequal action of the cii- 
viroiiiTK'iit on its ditJk'rent sides. Dilfus ‘ stimulus induc(*s a 
greater coiitratdion of the more excitaf)h* side. 

In a curved t(*n<lril the conctive sid(* is less excii- 
able than the convex. Dilfiise stimulus t mds to straight 'll 
the curved tendril. 
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In th(‘ puKiiius ot‘ Mimosa parlira^ the lower liaif is 
eighty tiineH more excitable, than the upper, and the fait of 
the leaf is due to tlie pn^doiriiuant contraction of the more 
excitable lowtT half. 

A diinitiution of turgor takt'S plaet^ in the eccitel cells. 
Rv'Storation of turgor brings about recovery of the leaf 
to its normal (‘rticl position. IndepiMideiit C'^periments show 
that thi^ fall of the leaf may be brought about by an 
artilicijil diminution of turgor, and the (‘rection of the leaf 
by an increase of turgor. 



IV.— DIURNAL VARIATION OF 
MOTO-EXUITABILITY IN MIMOSA 


RY 


Sir .1. C. Bose. 

Several phenomena of daily pt'riodicit y are known, 
hut the relations between the reciirrenL (‘xternal chanjjfes and 
the resulting periodic variations are mort* or less obscure. 
As an example of this may bi‘ cit(‘d the perioilic variation 
of f^rowth. Heivi tin daily periodicdty t‘xhibitt‘d by a 
})lant is not only dill‘(.‘rent in varyin.LT si*asons, but it also 
ditfi^rs iu diverse species of plants. Tht3 c()nij)lexity of the 
problem is \^vy j^roai, for not only an‘ tin* dirt‘Ci ell’(*cts 
of the chanj'iiig environment io b(‘ taken into consideration 
but also their unknown after-eliects. Even in the case, of 
direct eH\‘cr, different factors, such as lii^dit, leinperature, 
turj'or, and so on, are uinb^ri^oing indep Uideiii vairiations ; 
it may thus hap[)en that their reactions may sometimes be 
concordant ami at oilier times <liscordaiit. The iiyctitropic 
movement of plants alfords another t3xam})h* of daily period- 
icity. Th(3 fanciful naim? of ‘sleep’ is often ^riven to 

the closure of the leatbds of c«*rtain plains at ni^dit. ddie 
quedion whether plants sleep or not may be put in th(‘ 
form of the definite^ iinjuiry : Is th(3 [ilant equally excitable 
throu<^hout ilay and ni^ht ? If not, is thma* any definite 
period at which it practically loses its excitability ? Is 
there, a^^ain, another jieriod at which the plant wakes up, 

as it were, to a condition of maximum excitability ? 

In the course of my investii^ations on the irritability 

of Mi7nosa pudica, I became aware of th'‘ (existence* of such 
a daily periodicity^ ; that is to say, the moto-excitability' 
of the pulvinus was found to be mark(*dly diminished 

or even completely abolished at a certain definite period 
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of the day ; at another equally definite period, th(3 excit- 
ability was observed to have attained its climax. ' The 
observations on the periodic variation of excitability ap- 
peared at first to be extremely puzzlinj^. It might be 
thought, for example, that light would prov(‘ to be favour- 
able for motoM'xcitability ; in actual experiment the results 
apparently contradicted such a supposition : for the excit- 
ability of thfi plant was found much higher in the t‘ven- 
ing than in the morning. Favourabb‘ temperature, again, 
might be r(‘gar(l(M| as an important factor for the en- 
hancement of the nioto-excitabilily ; it was, nevertheh^ss* 
found that though the excitatory res})onse was only 
mo(lerati‘ at that p(U*io<l of night when the t(mip(‘rature 
was at its minimutn, yet tln^ excitability was altogether 
abolisluid at anothm* period when the temporatun^ was 
several degrees liigher. The o!)SCurities wliich surrounded 
the subj(‘ct w(‘r(^ only r<mioved as a result of protracted 
investigation and comj)arison of continuous automatic re- 
cords inadt‘ by tin* \)lant itself during several months, 
bt*ginning with winter and ending in summer. 

ddie (juestion whelluT a plant like Mitnnm (exhibits 
diurnal varialien of i‘xcitability can be i‘xperinieiitally in- 
vestigated by subjecting the plant at (‘vm-y hour of the 
day and night lo a t(*Ht-stimuIus of uniform intensity, and 
obtaining the corresponding mechanical responses. Under 
these circuinsiances the amplitinle of res})onse at any 
time will serve as a measure of tlie excitability of the 
plant at the particular time. Any periodic tluctuation of 
response will then ilemonstrate tlui periodic character of 
variation of excitability. 

Tht^ investigation thus rt'solves itself into : — 

The successfjiil construction of a Response Recorder 
which will automatically record the response of 
the plant to uniform periodic stimulation at all 
Lours of day or night ; 
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the study of the effects of various external conditions 
on excitability ; 

the diurntil variation of excitability and its relation 

to the chancfes of external conditions. 

I will first give a diagrammatic view of the different 

parts of the apparatus which I devised this investiga- 

tion. The leaf of J//»/asv/ is attacluul to one arm of a 
light aluminium lever, L, by means of thread. At right 

angles to the lever is the writing iiultvx W, wiiich tra(^es on 
a smoked glass pdate allowi‘d to fall at a defifute rati' 
by clockwork the rc'sponsive inovtMiit'nt of the leaf. Undm* 
a (hdinite stimulus of eh‘ctric shock the leaf falls down, 

pulling the lever L, and inoviiig the writm* towards the 
left. (Fig. FI.) The amplittide of tin' rt^sponse-curvt* 



FiCi. H. Dinprrarnm.'it ic representation of tin* eoinplote a})|i.'ir.'ilus for rlet^T- 
ininalion of clinriial viiriation of exeitability. I'etiole of MiitKtm, attaeiied i>y 
threa<l to one arm of lev.*r L ; writing; imlex W traces on smirked glass plate (I, 
tlie re^ipon^ive fall and reC(jvery of loaf. A, primary, and S, seefindary, of iri_ 
tluction coil. Kxeiling shock j>as~es through the plant hy electrodes F, 10. 
A, accumulator. 0, clockwork for regulating duration of tetanizing shock. I'rim- 
ary circuit of coil completed hy plunging rofl. V, dippittg into cup of mercury M. 

* iiee also Bose. — The tiiurnal Variation of Ar«>to-e.\citahility in Xiinofu — Annals of 
Botany, t)ct. 1913. 
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me:isurf*s the intensity of <‘xcitation. The leaf re-ere,cts 
itself aft(‘r a time, the correspomlini^ record exhibiting 
recovery. A second siiiuulus is applied after a definite 
ititerval, say an hour, and thi corresponding response 
shows whether tlie excitability of the plant has remained 
constant or undergone any variation. 


UNIFORM PERIODIC STIMULATION. 

Klrrtrlc tHodn nf e.tri tatiftH find that :)iie of the 

best methods of stimuliting IIk‘ ])lant is by means of 
tetanizing induction shock. The sensit i V(‘ness of Mimosa 
to eli?ctric stimulation is vm*y great ; the plant often 
responds to ii shock which is (|uite im])/rceptiblo to a 
human subject. ]>y the employment of a s iding induction 
(;oil. tlie intensity of the sliock can be with 

gri*aL accuracy ; the S(‘condary if gradually brouglit iiiuirer 
the pri'iiary till a stimulu-? is found which is minimally 
idltMuive. Tlu* inf nisity of stimulus actually (‘inploj’ed is 
slightly high’r than this, but within the sub-maximal 
range. When tlu^ testing stimulus is maintained constant 
and of sub-maximal intensity, then any variation of ex- 
citability is attended by a c irresponding variation in the 
aniplitudt* ol responsi*. 

Tht^ exciting value of a letuiizing electric shock depends 
(/) on tlu* intensity, (‘i) on the duratioa of shock. The 
inti‘nsiLy may be rendert‘d uniform by placing the s*cond- 
ary at a fixi*d distance from the primary, and keeping 
the curr(*nt in the primary circuit constant. The constancy 
of the current in primary circuit is secured bx’ the employ- 
ment of an accumulator or storage cell of d-^hnite electro- 
motive fore L It is far more ditlicult to secure the constant 
duration of the tetanizing shock in successive stimulations 
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at intervals of, say, one hour (hiring twenty-four hours. 
The duration of the induction shock given hy the second- 
ary coil depetids on tht‘ huigth of time tluring which tin* 
primary circuit is comphded in succe.ssi\e excitations. I 
have Miccetuled in overcoming the dilliciilty of securing 
uniformity of duration of shock hy i lu* employnumt of a 
special clockwork device. 

TIi 6 I'/uc/itrnrli pluiujov , — The alarum clock can he so 
arranged that a wheel is suddenly ladtaistul and allowtal 
lo complett* om‘ rapid rt‘volution at intervals of, say, one 
hour. There is a fan-governor hy whicli tlii' speed of 
the revolution can he n‘gulate'l and maintained constant. 
This will specially ht‘ tin' case when the alarum spring 
is long and fully wound. 'Fhe succi*ssion of short releases 
twenty-four times during the day pro luct^ ladativtdy little 
unwinding of the spring. On aciaiunt of tliis and lht‘ 
presence of the fan-governor, the ptn-iod <d' a singh‘ rmm- 
lution of th(‘ whe(d remains constant. I5y unmans of an 
eccentric th(‘ circular movement is converted into an up 
and down moveimmt. The plunging rod FI thus dips into 
a cup of mercury iM, for a detiniti* short interval and 
is then Mfted off. The duration of closure can ho regu- 
lated hy raising or low(M*ing tlu^ cup of im*rcury. lu 
practice*- the duration of tetanizing shock is about ()*;2 
second. 


The same clock }>erforms thiM*(* functions. The axis 
which revolves once in twtdve hours has .ittachcvl to it 
a wheel, and round this is wound a thread which allows 
the recording glass plate to fall through six inches in 
the cours(? of twenty-four hours. A spokt* attached to tie* 
minute hand releases the alarum al r(»gular and pr(^-deter- 
inined intervals of time, say once in an hour. The 
plunging rod R, actuated hy tlie eccentric, causes a 
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tetanizing shock of uniform intensity and duration to be 
given to the plant at specified times. 

ConstcDicjf of reHistanre in the seconds nj circuit , — lu 
order that the* testing electric stimulus shall remain uni- 
form, another condition has to be fulfilhMl, namely, the 
maintenance of constancy of resistance in the secondary 
circuit, including the plant. Klectric connections have to 
he mad(^ with the latter hy means of cloth inois(ej)ed with 
dilute salt solution ; drying of the sail solution, however, 
giv(‘S ris(^ to a variation of risistance in the electrolytic 
contact. ddiis ditliculty is overcome by making the elec- 
trolytic n‘sistance n(‘gligihh‘ compartMl to the resistance 
olVert‘d hy tln‘ plant. d'hin aii'l fh‘xihli^ spirals of silver 
tinSvd attacdied to th(^ idectrodes K, E* are tied round the 
peiioh* Jiud the stem, respecti vidy. In ordi‘r to si‘curo better 
electric contact, a snnill strip of cloth moistened with 
dilute salt and glycerine is wound round tln^ tinsel. As 
th<‘ resistaiici* of <a)utact is relativtdy small, ami as drjdng 
is to a great extent ridarded hy glycerine, the total resist- 
ance of the secondary circuit umh'rgoes practically no 
variation in the course of twenty-four hours. ddiis will 
he seim from the following data. An experiment was 
comimmeed one day at 1 P.M., when the resistance otlored hy 
<S cm. leiigih of sttun and 2 cm. length of petiole was found 
to he I’f) million ohms. After twenty-four hours’ record, the 
iM'sistance was measured the next day and was found un. 
changed. The fact that the stimulus remains perfectly 
uniform will he (piite apparent when the records given 
in the course of this paper are examined in detail. 


THE IIKSPONSE UECOUDER. 

The amplitude of response affords, as wo have seen, a 
measure of the excitability of the plant. In actual 
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record friction of the writer against the glass surface becomes 
a source of error. This difficulty I hav(^ been able to 
overcome by the two independent d(^ vices, the Resonant 
Recorder ami the Oscillating Recorder. Tn tlie former the 
writer is maintained by electric means in a state of <H)n- 
tinuous to and fro vibration, about ten tinu's iu a second. 

There is thus no continuous contact between tin* writer 
and the smoked glass surface, friction being tln*reby 
practically eliminateti. *• Tin* writer in this case taps a 
record, tin* successive dots occurring at int(;rvals of 01 
second. The res])onsive faH of the Uiaf is rapitl, iu.nuH* 
the successi\o dots in this -part |nf tlie record aia* widely 
spaced ; but tin* erection of the h^af during recovery 
takes place slowly, ln‘iic * tin* recovt*ry part of (In* (nirv(^ 
a[)pears continuous on account of tln^ su[)erposili()n of tlie 
succe.ssive dots. Idle advantages of tin* Resonant lhaiordtsr 
is that the curve exhibits both responsi* and rc‘covery. 
This a})para:ns is admirably suit(‘d for i*xpeianunus wliich 

last for a f<*w hours. ddierc* is, liowiner, some drawback 
to its use iu experiments wliich are contimnMl for <lays 
together. Tliis will In* mnlerstood when we rt‘nn‘mh(‘r 
that for the maintenance of 10 vibrations id' tin*, writm* 
in a secon<l, 10 electric contacts liavt* to lx; madi; ; in 
other words, ,‘16,000 intermittent electric- (mrri‘nts have lo 
be kept ui) per hour. This necessitates tin; emp!oynn‘nt of 
an electric accumulator having a very largt; catiacity. 

In the Oscillating Recorder the recording plate itself 
moves to and fro, making inti*rmittent con laid with tlie 

writer about once in a minute. Tlie recording smok(*d 

glass plate is allowed to fall at a iletiiiite rate liy the 
unwinding of a clock wheel. By an idectromagnetic 
arrangement the holder of the smoked glass plate is made 
to oscillate to and fro, causing periodic contact with the 
writer. 
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The Oscillator is diagramiuatically shown in Fig. 15 . 



Kt<;. ir». Tlu; Oscillatur. Fleet n)rha<;iiet. M, M', periodically rnai?neii/.od by 
(U)mpleti»)n of cdoclric ('urrt*nt by clockwork (\ Periodic attraction of soft iron 
arinatin’c A inoveH atlaclied j'lass pl.ite (r to left, making thereby electric 
contact with writer. 

M, M' are the two t*lectromagiu;ric coils, the free ends of 

the horsesliot* being ])ointed. Facing tlnnii are the conictil 
holes of tlie soft iron arjiiature A. This arm iture carries 
two rods which slidt^ through hollow tubes, 'Che distal 
ends of the rods support the liolder H, carrying the 

smoked glass ])late. Under normal conditions, the plate- 
holder is lield by suitable springs, somewhat to the right 

of^ and free from contact with, the writer. A clockwork 
C carries a rotating arm, which makes periodic contact 
with a pool of mercury contained in the vessel V, once 
in a minute. On the completion of the electromagnetic 

circuit, the armature A is attracted, the recording glass 
plate being thereby moved to the left making contact witli 
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the writer. The successive dots in the record thus take place 
at internals of a minute. Only a moderate amount of elec- 
tric current is thus consumed in maintaining the oscillation 
of the plate. A l-volt storage cell of 20 amperes capacity 
is quite sufficient to work the ai)paratu8 for several days. 

The responsive fall of the leaf of Mimosa is completed 
in the course of about two seconds. The leaf remains in 
the fallen or ‘contracted* position for nearly iiftt‘en 
seconds ; it then begins to recover slowly. As the succes- 
sive dots of the Oscillating Kecor<ler ari‘ at intervals of a 
minute, tlie maximum fall of leaf is accomplisluMl be- 
tween two successive dots. The dotted r(*sponsi‘ recoixl 
here obtained exhibits the recovery from maximum fall 
under stimulation (c/. Fig. 23). The. recovery of the loaf 
in one minute is less than one-tenth the total amplitude 
of the fall, and is proportionate!}^ the sam»* in all the 
response records. Hence the successive amplitudes of res- 
ponse curves that are recorded at (litT(n*ont hours of tlit^ 
day afford us measures of the relative variations of ex- 
citability of th(^ plant at different times. This (uiables us 
to demonstrate the reality of diurnal variation of excit- 
ability. In my experimental investigations oii the subject 
I have not been content to tak(^ my data from any 
particular method of obtaining response, but have employed 
both types of recorders, the Resonant and Oscillating. It 
will be shown that the results given by the dilferent ins- 
truments are in complete agreement with each other. 

EFFECTS OP EXTERNAL CONDITIONS ON EXCITABILITY. 

Before giving the daily records of periodic variation 
of excitability, I will give my experimental results on tln^ 
influence of various external conditions in modifying ex- 
citability. The conditions which are likely to affect e.x- 
citabiJity and induce periodicity are, first, the effects of 
light and darkness : under natural conditions the plant is 

t; 
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subjected in the morning to the changing condition from 

darkiicBs to light ; then to the action of continued light 

during the day ; and in the evening to the changing 

condition from light to darkness. A second periodic factor 
is the change in the condition of turgidity, which is at 
its iiiaxiinum in the morning, as evidenced by the 
characi eristic erect position of the petiole. Finally, the 
plant in the course of day and night is subjected to a 
great variation of teinperature. I will now describe the 
elfiujlH of tliese various factors on excitability. It should 
oe mentioned here that the experiments were carried out 
al)out the middhi of the day, when the excitability, 

generally sj)eaki ug, is found to remain constant. 

EFFECTS OF LKiHT AND DAHKNESS. 

I have fiuMjinuitly noticed that a depression of excit- 
ability occiirnul wiuMi tln^ sky was darkened by passing 
clouds. '.rids is clearly seen in the above records 
obtained with the Uesonant Recorder. Uniform sub-ina\imal 



Fk^. in. KiFt’cL of cloud. Dotted iip-curve indicates responsive fall, and 
continuous down-line exhibits slow recovery. First four responses normal ; ne.xt 
three show depressu»n due to ditninntion of light brought on by cloud, the duiation of 
which is indicated by hori/ontal line below. Last three records show restoration 
of excitability brouglit on by clearing of eky. AH records read from left to right 
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stimuli had been applied to a specimen of Mimosa at 
intervals of fifteen minutes. The dotted up-liue repre- 
sents the responsive fall, and the continuous down-line, 
the slow recovery. The first four are the normal uni- 
form responses (Fig. 16). The ne>ct three show the <le- 
pressing effect of relative ilarkness due to cloudy weather. 
The sky cleared after forty-five minutes, ami we notice 
the consequent restoration of normal excitability. 

Effect of sadden darkness and its continuation. E.r- 

periment 14 . — In the next record (Fig. 17) is shown the 



KOJ. 17. KllVct of suddoii ihirknoss. Plant huhjrctrd to siidihwi daikmr.ss 
boyond hori/.ontal lino so(mi Indow. First, two rosj)onsos iiorm.jl. Note .sii(id(‘M 
dcprrtssion of oxcil ability, revival aiul tinal ilepn-ssion under continued 
darkness. 

immediate and continded action of darkness. 'J'h(i first 
two are the normal uniform responses in light. l>y means 
of screens, the plant was next S'lhjected to sudden dark- 
ness ; this brought about a marked depression of t^xcit- 
ability. Subjection to sudden darkness thus acts as a 
stimulus inducing a marked but transient fall of excit- 
ability. Under the continuous action of darkness, however, 
the excitability is at first restored and then undergoes 
a persistent depression. 

6 A 
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Effect of iranmiion from darkness to light : Experiment 
16, — Hero wo have to deal first with the immediate effect 
of* sudden transition, and then with the presistent effect of 
continuous light. In the record given in Fig. 18 the plant 
had been kept in the dark and the responses taken in 
the usual manntjr. It was then subjected to light ; the 
su<lden change from darkness to light acted as a stimulus, 
inducing a transient depression of excitability. In this 
connection it is interesting to note that Godlewski found 
that in thc^ phenomenon of growth, transition from dark- 
nt‘ss to light acted as a stimulus, causing a transient 



Kic. IS. MiL-cJ. »»f from ilarknoas to light, 'flu* first tlireo records 

arc normal mulcr darkness. Horizontal line below indicates e.'cposure to lii'hl. 
Note jirelirninary dei)res.''ion followed by enhancement of e,\citahility. 

decrease in the normal rate. The effect of continued light 
on ,\[i)nos(t is an enhancement of excitability. 

EFFECT OF EXCESSIVE TURGOR. 

I have often found that the moto-oxcitability is depress- 
ed under excessive turgor. Thus the over-turgid leaf of 
Biophgtiim sensitiinim does not exhibit any mechanical 
response on rainy days. 
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Experiment 16 , — The effect of excessive tur^Mn- on motn- 
»*xcit*ability may be demonstrated in the case of Mimostt 



KHJ. 10, Kllect of onh;iiK*f<l tiir.ur(>r, artilicalliy Klrsl. two rr«i»«)ii-f‘> 

nuriaal. Applicution of water, at arrow, indiuM's dojn-as-^ioii of inoto-eNcilaldlity . 

l)y allowing its main pulvinus to absorb wtitto*. The rt‘su|{ 
is seen in the above record (Fig. Ill), whort^ waiter wjis 
ap})li(Ml on the pulvinus after the second response. It is^ 
seen how a depression of moto-exeitability results from 
(Excessive turgor brouglit on by ab.sorption of wattn*. In 
such cases, however, the plant is found to accomimxlate itself 
to the abuorinal condition and gradually regain its normal 
excitability in the course of om^ or two hours. 

T N F LU K NC K OP T EM PE RAT U R E. 

The moto-excitability of the pulvinus of MlrtioHa is 
greatly modified under the influenc^i of t(;mi)erature. For 
the purpose of this investigation I enclosed tlie plant in 
a glass chamber, raising the temperature to the <lesired 
degree by means of electric heating. Respouses to identi- 
cal stimuli were then taken at <lifferent temperatures. It 
was found that the effect of heightened temperature, up 
to an optimum, was to enhance the amjjlitiKle. of rt.^sponse. 
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ThuB with a specimen it was found that while at 

22^0. the amplitude of response was 2*5 mm., it became 
22 rnrn. at 27^C., and 52 mm. at 32'^C. The excitability 
is enhanced under rising, and depressed under falling 
temperature. The rnoto-excitability of Mimosa is practical- 
ly abolished at the minimum temperature of about 19°C. 

Kfftrt of loiveriny of temperaiuTe : Kjpiriment 17 . — A 
simple way of exhibiting the effect of lowering of temper- 
atur<^ is by artificial cooling of the pulvinus. This cannot 



Fm. ‘20. KfToct nf motlonile cooliiif' liurin" a period .«hown by liori/ontal 
line btdow. Moderate depression followed by (juick rtetoration. 

very well be done by application of a stream of cooled 
w'ater, because, as we have seen, absorption of water by 
the pulvinus is attended by a loss of excitability : diluted 
glycerine has, however, no such drawback. This fluid at 
ordinary temperature was first applied on the pulvinus, 
and after an interval of half an hour records were ' taken 
in the usual manner. Cooled glycerine was then applied 
and the record taken once more ; the results are seen in 
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Figs. 20 and 21. In the former, the first responsi' was 

« 

normal at the temperature of the room, which was ; 

the next two exhibit depression of excitability under 
moderate cooling ; the duration of application of iiioilerate- 
ly cooled glycerine is there indicated by the horizontal line 
below. On the cessation of application, the nornial 
perature was quickly restored, with tlie restoration of 
normal excitability. 

In the next record (Fig. 21) is shown the effect of a 
more intense cold. It will be noticed tliat the first (df(‘ct 
was a depression, and subsequently, a coin[)l(*te abolition 
of excitability. Thick dots in the record represent appli- 



Fio. 21. Effect of application of more intense cold. Note Hiuld«*ii deprc-^.-iion 
followed by abolition of excitabil'ty, also i>er.si.stenl afUT-elfect. 

cations of stimulus which proved ineffective. Tt will also 
be noticed that even on the cessation of cooling, and the 
' return of the tissue to normal temperature, the induced 
abolition of excitability persisted as an after-effect for a 
considerable time. I have likewise found that the after- 
effect of cold in abolishing the conduction of excitation 
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is also very p( 3 rsistent. These experiments show that owing 
to physiological inertia, the variations of excitability in 
the plant often lag considerably behind the external changes 
which induce them. 

Effect of high teynperatiire : Experiment 18 . — It has been 
shown that the nioto-excitability is enhanced by rising 
temix^ratiUM* ; tln^re is, however, an optimum temperature 
above whiidi the excita])i lity undergoes a depression. This 
is seen in the following record (Fig. where the 

normal n?s[)ons“ at was depr(‘ssed on raising the 

temperatures to 12 (h ; the excitability was, however, 
gradually reston‘d when the plant was allowed to regain 
tin* form ‘P ttmiprrat are. 


\ \ \ \ \ \ \ \\ \ 

\ VJv\ \ '\ \ 


Flu. 22. KlToot of toini»Hnitiire above optimum. Note depression of excitability 
iminced by bif^li lomperatniv. ami t^radiial restoration on return to normal. 

1 may now brietly recapitulate some of the important 
results : darkness depresses and light exalts the moto- 
e'tcitability. Excessive turgor tlepresses motility. Still more 
markotl is the elfect of temperature. Lowering of temperature 
depresses and tiaally abolishes the moto-excitabilily : rise of 
temperature enhahces it up to an optimum temperature, but 
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beyond this point the excitability undergoes depression. The 
change in ejccitahilit g indiired hg the variation of eHernal 
condition is not imntediate ; the induced effect^ generallg 
speaking^ lags behind the inducing cause, 

DIURNAL VARIATION OP EXCITABILITY. 

I will now give automatic records of responses taken 
once every hour for twcmty-four hours. They prove con- 
clusively the diurnal variation of excitability in Alintosa. 
After studying in detail the variations characteristic of 
particular times of tlie day, I will endeavour to correlate 
them with the effects brought oii by the periodic chang<‘s 
of the environment. 

Experiment 10 , — As a typical example 1 will first give 
a record obtained in the month of February, that is, say, 
in spring. From this it will not be diflicult to follow 
the variations which take place earlier in winter or lateiv 
in summer. 

The record given in Fig. 23 was commenced at 3 p.m. 
and continued to the same hour next day. The first thing 
noticeable is the periodic displacement of the base-line. 
This is due to the nyctitropic movements of the leaf. It 
should be remembered that the up-movement of the leaf 
is represented by down-curve, and vice versa. After the 
maximum fall of tbe leaf, which in this cas(i was attained 
at 9 P.M., there followed a reverse movement ; tln^ highest 
erection, indicative of maximum turgor, was reached at 
6 A.M. The leaf then fell slowly and reached a middle 
position at noon. The extent of the nyctitropic movement 
varies in individual cases ; in some it is slight, in others 
very large. The erectile movement began, as stated before, 
at about 9 P.M. ; in some cases, however, it may occur as 
early as 6 P.M. 
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In following the characteristic variations of 
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occurring throughout the day, wo find that while they 
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are practically uniform between the hours of 5 and 
6 P.A., a continuous decline is manifested after setting in 
of darkness (7 P.M.) ; the fall of excitability continues 
even after sunrise (6-30 a.M.), response being practically 
abolished at 8 A.M. The excitability is then gradually 
restored in a staircase manner, the maximum being 
reached after 12 noon. After attaining this, the excitability 
remains more or less constant till the evening. It will be 
noticed that the amplitude of response at 5 P.M. on the 
second day was the same as the corresponding responst^ 

on the previous day. 

The results of this and numerous other uncords taken 
in spring may be summarized as : — 

1. The maximum excitability of ^Umosa is attained 

between 1 and 3 P.M., and remains constant 

for several hours. In connection with the con- 
stancy of response at this period, it shouhl ho 
remembered that when the response is at its 
maximum a slight increase of excitability can- 
not further enhance the amplitude of resi)o nH(^ 

2. The excitability, generally sptsaking, umlergoiis a 

contiguous decline from (‘vcming to morning, 
the response? being }>ractically abolish(?d at or 
about <S A.M. 

3. From 8 A.M. to J2 noon, the excitability is gradual- 

ly enhanced in a staircase? manner, till the 
maximum excitability is reached after I P.M. 

I have obtained numerous records in support of these 
conclusions, some of which are reproduced in the follow- 
ing figures. In these cases response-s to uniform stimuli 
at intervals of half an hour were taken at different parts 

of the day, the recorder employed being of the Kesonant 

type. 
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Mid-day record : Exper inient 20 . — The record of daily 
periodicity provionsly given shows that the excitability 
reaches its maximum after 12 noon, and that it remains 
constant at the maximum value for several hours. This 
fact is fully borne out in the following record obtained 
wdth a diU'ereiit specimen (Fig. 24). The responses were 
taken here from noon to ,‘5 P.M., once every half-hour. 



Mi(l(l;iy n'conl from noun to |*,M. miifoirn (‘xcit:ihility . 

Itfsjumses tukmi oikv ovorv 


Ereniny record : PJ.rjfer intent 21 . — The recortl given in 
Fig. 2?} shows that tlie amplitude of response falls contin- 
uously after b p.m. It might be thought that the 
diminished -amplitude in the first part may be due to the 
natural n yeti tropic fall of tlie leaf. The range of the 
pulvinar movement Ixung limited, it is clear that the 
extent of tlie responsive fall must become smaller on 
account of the natural fall of the leaf during the first 
part of the night. That this is not the whole explanation 
of the decline of response in the evening will be clear 
from certain facts which I will presently adduce. It w'as 
stated ih.it the leaf of Mitnosa exhibits nyctitropic fab 
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from 6 to 9 P.M., after which there is a reverse move- 
ment* of ereotion. In certain specimens, liowever, the 
erectile movement commenced as early as 6 P.M. It is 
obvious that in these latter cases diminuiion of amplitude 
of response cannot be due to the reduction of the range 
of movement of the leaf. In Fig. 25 is given a series of 



Fiu. 2;'). Evening rccorci from <> to 10 Hhowiiijr I'r.iWn.iI [Mcssioji of 

clcilability, 

records from 6 to 10 P.M. obtaiiuMl with a loaf in which 
erectile movement had commenced early in the evening. 
Though the full range of responsive iiioveiiKiiit was in 
this case available, y(‘t the amplitude of successiv(^ r(‘Sp()n8es 
is seen to undergo continuous diminution. 

Record in the morning : K.rperimeyU — Tin; excita- 
bility is, as we have seen, nearly abolished about 8 A.M., 
after which there is a gradual . restoration. This gradual 
enhancement of excitability to a maximum in the course 
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of the forenoon is seen well illustrated in the above 
record (Fijr. 20). 



Fie. 2(>. Mornintf reconl from 8 a.m. to 12 noon, exhibiting gradual enhancement 
of excitability. 

"idle record of ilaily periodicity ‘^ivea in Fi^, 23 may 
he regariled as a typical example. ^Modifications may, 
liowiiver, he ohs»'rved which are traceable to iiidiviilual 
peculiarities. As an example of this, I give a record 
(Fig. 27) obtained with a specimen in which nyctitropic 
movement was very pronounced. The periodic variation 
of excitability exhibited here is practically the s<^me as 
shown by other specimens. The interesting variation is in 
the character df the recovery from stimulus ; the leaf 
was falling from 6 to p.M. ; owing to the shifting of 
the base-lire upwards the recovery appears to be incom- 
plete. After 1) P.M. tlie leaf was erected, at first slowly, 
then at a very rapid rate. The consequent fall of the 
base-line late at night is very abrupt ; hence there is an 
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apparent over-shooting in the line of recovery. 
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EFFECT OF TEMPERATURE ON VARIATION OF EXCTTAJ^ILITY. 

So far I have merely described the observed diurnal 
variation of excitability. We may next inquire whether 


Fig. 27. Record of diurnal variation of excitability ; it exLibits marked nyctitropic movement. 
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there is any causal relation between the change of ex- 
ternal conditions and the observed variation of excitability. 
It has been shown that the moto-excitability is greatly 
influenced by temperature. In order to find in what man- 
ner the diurnal variation of excitability was influenced by 
the daily variation of temperature, I took *^pecial care to 
secure by means of the thermograph a continuous record 
of temperature variations. The table which follows shows 
the relation between the hours of the day, temperature, 
and amplitude of r.^sponse, in a typical case of diurnal 
variation of excitability. 


TAUMC ll. — SU()\VfN<J TIIK KKLATlON HKTWKKN lior'R OF THE DAY, TKM- 



rKUATCIlK 

AND r.XCITABIMTY. (SFRlNii 

SPKI’IMKN.) 


//<»/< rs 

iU\y. 

Tonpo' it‘i n 

AinplititiiK 

'if 

f*e$f)n nxe. 

Hours 

(lay. 

Temperature 

AmplituiU ; 

Response. 

T) D.ni' 

‘JH" (\ 

2H inrii. 

5 a. III. 

20" C. 

.’) mm. 

fi V 

2.V;V „ 

28 ,, 

0 ,, 

20-5" „ 

4*) 

’ - )j i 


2 to’ ,, 

27 

7 M 

21^ „ 

„ 

« K 

‘j:r „ 

2:V5 „ 

8 „ 

22" 

2-5 „ 

^ ?> 

t)‘) j 

-- ’> 

2i'r. „ 

2 n 

24^ „ 

0 „ i 

10 „ 

21^ „ 

18 „ 

10 „ 

26" „ 

i 

0 ; 

ll » 

20-5^ „ 

„ ! 

11 „ 

26-5" „ 

15’5 ,, 1 

12 „ 

20 ,, 

13 „ ; 

12 „ 

28" „ 

22 6 „ 

1 a.m. 

20^ ,, 

10 „ 

1 p.m. 

28" „ 

26 „ 

“ V 

20^ „ 

8 « 

0 

- jj 

28-5" „ 

00 

t, 

20^ „ 

7 ' '» ,, 

3 » 

28-5= „ 

28 „ 

*1 

10-5= „ 

6 » i 

4 „ 

29" „ 

00 


From the data given in the table, two curves have been 
obtained. One of these shows the relation between the 
hours of the day and temperature ; the other exhibits the 
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relation between the hours of the day and the excitability 
as gauged by the amplitude of response (Fig. 28). It will 



FUt. ‘J«. Tlu* (.’ontinuoiis curvf* shows the rc'Iaf inn between the hour of the day 
;ui(l tumjM.Tiiturc. The dottel eiirve e*xhiVjits relation between the liour of the day 
and excitabilit y. 

be seen that there is, Itroadly sp-aking, a marked resemb- 
lance between the two curves, which demonstrate tho 

7 
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prefloininant inflinMico of temperature on diurnal variation 
of (;xcilal)ility. 


EFFECT OF PH YSIOLOtUCAL INERTIA. 

It has heen shown (pai^e oH) that owin^ to jdiysiological 
inertia, tlie chaiiLOi of excitability^ K^nerally^ speakinj^, lags 
])o}iind the inducing cause. This fact finds striking illustra- 
tion in th<i lag (exhibited l>y the curve of excitability in 
reference to the temp(n*ature curve. The ininimuni tem- 
ptM’ature was attained at about 4 A.M., but the excitability 
was not 1 educed to a ininiinum till four hours later and 
again there is a marked fall of temperature after 5 p.M., 
but the (‘xcitability did iiot beconni depresstMl till two hours 
later. 

Theivj is again the factor of variation of light, the elftjct 
of which is not so great as that of temi)erature. The 
periods of maximum of liglit and temperature are, however, 
not coimudont. 

We may now discuss in greater detail the diurnal varia- 
tion of t^xeitability in taking tin* ty])ical case, tin' 

record of which is given in Fig. The temperature here 

is se»'n to remain almost constant, and at an optimum, from 
I to r> P.M., the condition of light is also favourable. Hence 
the excitability is fouml to b ‘ constant, and at its maxi- 
mum between tht so hours. Tlu* temperature begins to fall 
after d P.M., and there is, in addition, tlie depressing 
action of gathering ilarkm'ss. Owing to the time-lag, 
the fall of excitability does not commence immediately 
at 6 P.M., but an hour afterwards, and continue:? 

till the next morning. During this period W(' have the 
.cumulative effect of twelve hours’ darkness and the 
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increasing depression due to cold, the tenipt*rature ininimuin 
occurnng at 4 a.M. On account of tin' combined t'IVe«ds 
of th(*s.i various factors, and pheinnnenoii of lag, the perio<l 
of iniiiimuni excitability is in general reached about tS a.m. 
In certain other cases this may occur earlier. After tlie 
attainment of this minimum, the excitability is gradually 
anil continuously increased, under the action of light and 
of rising temperature, till the maximum is reached in the 
afternoon. 


EFFECT OF SEASON. 

It was said that temperature exerted a pnnlominant 

influence in inducing variation of excitability. Wi? may, 

therefore, expect that th(5 diurnal pi^riod would be moditiiMl 
in a certain way accor<ling to the st'ason. In winter the 
night temperatun^ falls very low ; henci^ tlu' ileprossion of 
(excitability is correS[)ondingly great, :ind ri^sults in the 
complete abolition of (‘xcitability. The afler-elfi'ct of intense 
e-old is seen in the, condition of int^xcilabi lity [)ersisting 

for a very long period in the morning. In summer the, 
pnwailing high temiieratuia* moililies the diurnal periodicity 
in a ditl’erenr nianma\ When the nighi is warm, the fall 
of excitability is slight. In the day, on thi' otlu'.r hand, 
tlio temperature may rise above tin', optimum, bringing 

about a depression. In such a case tlu* excitability in tln^ 
earlier part of the evening may actually be greati'r than 
in the middle of the day. These modifications an^ shown 
in a very interesting way in the following record (hig. 29) 
taken at the end of April. Th»i tmnperaturii of Chile utta 
at this season often rises above, lUO^F. or IhS (J. T.ible III 
also exhibits, in the case of the summer specimen, the 
relation between the hours of the day, temperature, and 
excitability. 

7 A 



70 


LIFE xMOVKMENT^ IN PLANTS 


All inspection of the record ^^iveri in Fi^. 29 shows that 
tlie. amplitude of response*, was t‘rihiinced after 4 P.M. The 
t ‘iiipei’at lire up lo tluit tiiiK' was nniisiially liiLdi (!hS 



Piuru.il :'i «‘\ri::il>!ru y usliiliitfil hy s[)t.’ririu'n. 

and (h 'Vv was in cnjisctpunna* a dt*pia‘Ssion of e'xcitahilit y. 
After (liat lioiir iheri* was a miii,Lration of heat, the 

(I'lnperal lire reiurnin*; towards tlie optinnirn. Hence w<i 
lind iliat the inaxiiuuin i*xcital)ilit y was at(ain(*d het\V('Cii 
tin* liovivs i and i\ P.M. 'Phe ininiinuin tonperature at 
nii^dii was hi.L,dicr in the [)ri‘S(*nt (;ase tlian that of the 

(‘Nj)erini('nt carried out in Fehruary ; in the former the 

mininuini was whih) in the latter it was 19*5 (', 

On account of this dilVerenCv* the iiioht record in summer 
slioxvs a fall of excitahility which is far more ^M’adual than 
tliat (d)taiui'd in sprinir. The excitahility is here not 

totally abelislied in tlie morning, but reaches a minimum 
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after ^ A.M. ; tlie seiisitiveiu'ss is then i^radiiall y (‘uhanci'd 
ill a fitaircaae inainit*r. 

TAHI.E 111 — SllOWlN'l -IHK Ki:i.ATI«)\- HETWKKX IKUKS oF Till: DAI, IKM 
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to a testiiiij: stiiriulus. Tiiis is rjr<*c,hMl hy moans of auto- 
matic (lovicos whicii oxcito llio plant p'‘rioilio;illy liy an 
absolutely constant siimuliH, ami rocoril tluj corr<*sp()mlini( 
mechanical reS])()nso. 

From tin* record tini'i obtained, il was roinnl that tin* 
excitability of the plant is ikjI tin* sanu* I Iirou^diout liie 
tlay, but undergoes a variation cliaracJeristical 1 y diir«-*rent 
at ditferent times of the day. in a typical cas(i in spring 
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th(i excitability attained its maximum value after 1 p.m. and 
remain«‘d constant for several hours. There was then a 
continuous fall of (*xcital>ility, the minimum being reached 
at al)()ut eiglit in the morning. The plant at this time 
was practically ins(uisitiv<*. The moto-excitability was then 
gradually (‘iihauced in a staircase manner till it again 
r(*ached a rnaximuni next afternoon. 

d'lie etl'ect of sinlden darkn(‘ss was found to induce a 
transient d(‘])r(‘ssion, followed by revival of excitability. 
The <dV(‘(d of persistent <larkness was to induct* a 
depression. 

Kxposun* to ligld from darkness caus(‘d a transi(*nt 
<l(*pression, follow(‘il by an (mhanctmitmt of excitability. 

lOxct.ssivi* turgor induced a diininisln*d rtisponsi*. 

Ijowt'i'ing of teinp(‘r iture inductul a <h‘j>ression of t‘xcit- 
ability, culminating in an abolition of rt‘sponse. Tln^ jifter- 
t‘ir<‘ct of (‘xc(*ssiv(‘ cold was a i>rolong(Ml depression of 
excitability. 

Excitability was enhanced by rising tempt'rature up to 
an optimum ; above this point a depression was inductMl. 

Owing to physiological inertia the change of excit- 
ability induc(‘(l by variation »)f I'xternal condition lags 
behind the inducing cause. 

ddn* diurnal variation of excitability is primarily due 
to diurnal variation of tmuperature. Tin* idfect is modified 
in a minor elegn'c by variation of light. 
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TfiK inortt sniMil)l(‘ p|jin( for r(*s<*;irc^li('s on irriliihilil y <>I 
])ljints is JllitHoHa /mdird^ which can lx; ol>tai ium! in all 
parts of the world. An impression unfortiinataly prevails 
that tlu‘ (‘xcitatory rt‘action of tin; plant can In' obtained 
only in sninnier and uinler favourable circnnistanceH ; this 
has militated against its (‘xtensive use in physiolo^dcal 
(‘Xj)orinH‘nts, hut tin* mis^ivin^ is without any foundation ; 
for I found no ditliculty in <lemonstratin^' <;ven tin; most 
delicate exp(*riments on Mimoi^d h(;fore the meelin^^ of the 
American Association for tin; Acivanc ;nn;nt of Scieinn; held 
during' (Miristmas of P.HI, Tin* prevailing' o\itside temper- 
ature at tin* time was considerably ln*low tin; freezin*' 
point. With foresi^dit and care it should not In; at all 
ililhcnlt to maintain in a hot-house a lar^e number of 
tlu*s.; plants in a sensitivt; condition all the year 
round- 

In ordt'r to remove the drawback conin;cted with the 
supply of sullicient material, 1 commenced an investigation 
to lind whether a detached leaf pri*paration could he made 
as elfective for the study of irritability as the whole plant. 
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Here we have at the eentral emi ot* the leaf the pillvinus, 
whi(!h acts as tlie contractile or^oiii : tlie conducting' strand 
in the interior of tlit* petiole, on the other hand, is the 
vehicle l‘<»r transmission of ex(!itation. The prohlein to 
h«‘ hoIvmI is the rendering' of an isolated petiolc-aud- 
pulviniis of as eflicient for researches on irrita])ility 

as the nerve-and-in iiscle preparation ol a Iro*'. On the 
success of this atteiiijit deptmded the J)racticai o])enin^' out 
of an extended liel I of ph ysioloi'ical invi'stij'atioii which 
wouhl he imhatnpered hy any scarcity of (JX])eriinental 
material. 

in connection \^i{h this it is well to note the snrpris- 
in}^ (litVerence in veL,^‘tative ^o’owth as exhihiltMl hy ])lants 
erown in soil and in pots. A poi-sp(*cimen of Muntma 
pro(luces relatively few leaves, hut one ^'rown in the (>pen 
j'rotjnd is extrenndN luxuriant. As an instance* in [xdnt, I 
may state tluit for the last five months I have* tukmi 
from a plant erown in a li*‘ld about 20 l(‘av(‘S a tlay for 
(‘Xperiment, without makini' any imprt^ssion on it. A laix'e 
box containinic soil would he practically as j'ood as the 
open j^round, and the slower rate of growth in a cohler 
climate (amid la* easily made up hy planting' half a dozen 
specimens. The protection id* the plants from inclemencies 
of weather can he (‘iisured hy meajis of a I'lass cover 
with siinph‘ I.eat-rei'ulation hy el(*ctrie lamps, in })lace of 
an expmisive ^Ma*en-lioiiM‘. 

Returning' to tin* «piestion of the employment of an 
isolated leaf, whiih 1 shall desii'iiatt* as a petiole-piilvinus 
preparation, instead of tin* (*iitire plant, tin* first attempts 
which I made proved u nsucct-ssfrd. The cut leaf ki>j)t in 
wafer Would sometimes (*\hihit very fei*ld(* j'esponsi*, at 
utln*r times all siirns of (‘xeitahility apixuired to he totally 
abolishoil. It was impossible t(» attempt an in vestiL'atiuii on 
the etleel of chamrim:^ ('iiviroamont on excitability when the 
normal ‘wnsidvoness itself underwent so capricious a change 
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Thes^ (lilliciiltit's were ultiinatoly overcome from know- 
ledge* derived thron^li systematic invest ii^ation on tln‘ 
relative importance of the dilferent parts of tlu' motor 
apparatus, on tlie immediatt^ and after-cdft'Ct of seidion on 
the excitability of the leaf, and on tin* rati* of decay of 
this excitability on isolation from tin* plant. The exi)erienee 
thus ijained enabh‘d me to secure lonir-continued and 
uniform sensibility under normal conditions. It was thus 
l>0S3ible to study tin* physiological elVects of chani^in^ 
external conditions by observing the responsive variation 
in the isolated p etiol(‘-pul vinns preparation. 1 jiropose to 
deal with the different aspects of tin* i n vest iifaf ion in the 
following ord(*r - 

1. 'file effect of wound or section in modification of 
normal excitability. 

"J, The chan^n^ of excitability after immersion in water. 

,*b (juantitative det(‘rinination of the rate of di*cay of 

excitability in an isolated })i*eparat ion. 

4. Ktfect of amputation of the ut)j)er half of pulvinus. 

f). Effect of removal (d* the lower half. 

(I. Influence of the wei^dit of leaf on ra])idity of 

responsive fall. 

7. The action <d’ chemical a^nmts. 

5. Effect of '‘fatij^me” on r(*sponse. 

tb The inlluence of constant (‘lectric cui'renl on 

recovery. 

Uf. The action of li^jlit and darkness on «‘X(u lability , 

The isolated petiole-jml vi nus j>rcparation is made by 
cutting out a jiortion of the stem bearin'^ a sin^de lateral 
leaf. The four div(*rgin^' sub-petiob*s itiay also be cut off. 
In order to prevent rapid drying the spicimen has to be 
kept in water. Preparations made in this way oft(‘n 

appeared to have lost their sensibility. I was, liowever, 
able to trace this loss to two different factors : first, to 
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the plijHioloKical .lepressioii due to injury caus^Ml by section, 
iiikI, Hecoiid. to I lie sudden increase of turgor brought on 
by excessive absorptioii <d' water. I shall now proceed to 
show that the loss of sensibility is not permanent, but is 

KF’FKC'l OF WOl.’NI) OK SKCTION IX MODIFICATION OF 
NOKMAL KXCITAIULITY. 

Ill (toiiiKM tion with the; question of effect of injury, it 
is to 1 ) 1 * homo in iniiol thiit iifter eucli excitution the 
plaut hocoriH^ loinporurily irrespoiiHive and that the excit- 
ability is folly rt'storoil after th(‘ coini)letion of protoplaH- 
inic n‘e,o\ory. A cut or a H(‘Ciion acts art a very inteiirtt; 
rttimulus, from tie* efloet of which the recovery is very 
slow. If the rtlem ho (oit v(‘ry near thc^ l(‘af, the excita- 
tion of the pulvimis is very intense, and the consequent 
loss of (‘xcitahilit y hoconu'S more or less persistent. But 
if tlie rtt(‘m ho out at a ^'r<‘a(er distance', the transmitted 
('xc-itation is less iiitonso, and the cut specimen recovers 
its e.xcitahilily within a moderate time. I liave also suC' 
i‘i*odo<l in rodueiiij.^ tlio ('xcitatoiy dt'pression hy previously 
htuiumhino the tissue hy jihysiolo.^ical means. The isolateil 
spociimui can la* imuh* still more comjiact hy cutting off 
(he su))-p(Uioles hi'arin^ the leafh*ts ; tlie preparation now 
lonsists of a short len^dh of stem of about 2 cm. and 
an equally short len.i'th of primary petiole, the motile 
pulvinus heino at tin* junction of the two. 

For the restoration of sensitiveness, and to meet work- 
ino conditions, tiu* low4*r end of the cut stein is mounted 
on a T-tuhe, with t unnel-a(tachmt‘nt and exit-tube, as 
shown in iU). Tin* other two cut ends — of the stem 

and of the ])etioh‘ — may he covered with moist cloth or 
may be closed with i'ollu4lion tiexil« to prevent rapid 
evaporation and dryiu^^ up of the specimen. A alight 
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hydrostatic pressure maintains the specimen in a model 
ately* turbid condition. A j)ro})aration tlius madi‘ 
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Fk;. HD— Tlu- K(‘^on:nit llfronicr. with OitioIf-inilviniiH pM-jciral ion. (J' lom a 

photo, i^^rnphO 

insensitive at the bej^innin^S but if l(‘ft undisturbed it 
slowly recovers its excitability. The history of the depres- 
sion of (‘xcitability after shock of })reparation and its 
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^rriduul vestoriit ion is ‘'rapliicully illustrtitfc*(l by a sorios of 
r«*oor<ls nia<l<‘ by thr [ilaiit *>1). 

'rjn* prtinlf-pul vinus pr«*paralion thus maih* ofiVrs all 
faciliii»‘S for rxpcriiiu'iit. to its small sizi* it can 

hr «‘asily inanipulatr<l ; it can })c enclosed in a small 
(diarjiher and subjected to \aryin^' comlitions of temperatiir(‘ 
and to the action of din'ercnl vapours and ^niscs. Drugs 
arc easily alisorbed at the cut end, and poison and its 
atitidote (tan he successively applied ihrougli the funnel 
without any disturbamn* of the continuity of record. In 

fact, many experiments wliich would be im})OSsi]jh^ with tlie 
entire platd arc (juite pract ii'alde witli tin* isolated leat. 

'The arrangtmient for taking records of response is seen 
in 1’^^. .’>(), which is reproduced from a photograph of the 
acUial apparatus. For recording the res})onse and recovery 
of liie leaf under stimulation, 1 use mV Ui‘Sonant Recorder 
fttlly des('rib(Ml in the ‘ IMiilosophical ''rransactions ’ (1911^). 
'The petiole is atta(die<l to one arm of the horizontal lever. 
The wiiter, made nf line steel wdre wdth a ))ent tip, is 

at right angles to the lever, and is maintaiiiod by electro- 
maginuic means in a state of to^and^fro vibration, say, ten 
times in a seennd. 'Flic rt'cord, consisting of a series of 

dots, is fiM-e frnm errors arising' from friction of continuous 
cmitact of the writer with the r»H!ording surface. Tin* suc- 
cessi\<* dots in tin* record at <lelinite int(*rvals of a t(‘uth of 
a second also give the time-rt‘lations of the n*sponse curve. 

()n account (d its small size, tin* jjctiole-pulvinus prepara- 
tion i>llers great lacilities for mounting in ditri*rent wuiys 
suitable lor speidal in\ estigations. Ordinarily, tin* cut stem 
with its lower <‘inl enclosed in moist cloth is suj)ported 

below. A very suitabb* bu’in <if stimulus is that of induc- 
tion sliock trom a secmnlary coil, the intensity of xvhich is 
capable of \ariation in th.e usual manner by adjusting the 
ilifltaiiee between tin* primary ainl the secondary coils. The 
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motile pulviiins, may be excited directly. For iiwt'sti^a- 
tionJ? on velocity of transmission of excitation, stinuilus is 
applied on the petiole at some distance from the piilvir,ns, 
by means of suitable electrodes/ Fxcitation is now trans- 
mitted alonjjf the intervtminu: lenj^dh of ])etiole, the conduct- 
ing power of which will be found appropriately modiluMl 
under the action of chemical and other agents. In tliis 
normal method of mounting, tlie nn>re exeitahle l(>wer half 
of the pulvinus is below : (‘xcitatory reaetion product's the 
fall of the petiole, gravity lielping the movement. The pre- 
paration may, uoweva'r, Ik? mounted in tin' inverted position, 
with the more. (*\citahle lowi'i* half of the pulvinus facing 
upwards. Tin' (‘xcitatory niovem ‘lit will now Ik? tin? (‘rc'ction 
of the petiole, against gravity. 

Under natural conditions tin? stem is fixed, and it is the 
petiole whicli inoNes undt'r excitation. Ihit a very interest- 
ing case [)rcs(‘nts itself wln?ii the pi'tioh' is fix(‘d and tin' 
stem free. Ilt?re is presi'iited tin* unusual specla(?le of tin' 
plant or the stem ‘"wagging” in r(?spons(? to ex(*atation. 


THE CHANttE OF EXtUTARIIJTY AFTER FM.MERSION IN 
WATER. 

'Pin? isolated specijin'ii <*au In? k(‘[>t alive for si?veral days 
immersed in water. 'Phe excitability of the pulvinus, liow- 
ever, undergoes great depression, or evi'ii abolition, by the 
sudden cliange of turgor brought on by exc(?ssivi‘ absorption 
of water. Th(3 plant gradually ac.commo«lales itself to tin' 
cliaug.'d condition, and tin* excitability is iM'stor*? I in a stair- 
case manner from zero to a maximum. 

In studying the action of a cln'inical solution on excit- 
ability, the solution may in* applied through the cut end or 
directly on the pulvinus. The sudden variation of turgor, 
due to the liquid, always induces a depr(?SHioii, irrespective? 
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of the Htirnulatin^' or the depressiiij? action of the drug. 
Tin* dilli(;iilty may lx* »*limiimted by previous long-continued 
application of water on tin* j)ulvinus and waiting till the 
attainment of unif<jrm excitability which generally takes 
|)la(*e in the course of about three liQiirs. Subsequ(*iit appli- 
(ration of a chemical solution gives rise to characteristic 
variation in tin* response. 


(^iJANTrrA'n V i: dkteiimi nation op the hate of oe(lvy 

OF EXOITAIIILITY IN AN ISOLATED PHEPAHATION. 

Variftt 'hni o/‘ a.rt'ifdhif if n (tffer mium : PJ.rporinwnt i2o . — 
In ord(‘r to tf‘st the history of the change of excitability 
n‘sulting from tin* immediate* and afti‘r -eirect of section, I 
to<>k an inlaci plant and lixed the upper half of the stmn in 
a clamp. 'Phe resjxmse^ of a given leaf was now taken to 
the stimulus of an imluction shock of 0*1 unit inti*nsity, the 
unit chosen being (hat which caust'S a bai’v^ perc(*|)tiou of 
sho(dv in a human being. 'Pin* S[)i*e<inuui was vigorous and 
the resjionse ebtaine^l was found to be a maxinnun. The 
sti'in bearing Hit* h*af was cut at the moment marked in 
t\\r. record with a cross, and water was applied ni the cut 
end. 'Phe (‘tVect of si*ction was t<> cause, tlu^ luaximum fall 
of the leaf, N\ith subsequent recovi'ry. After this, succes- 
sive responses to uniform stimuli at intervals of IT) minutes 
show, in (1) of I'hg. dl, that a depression of excitability has 
been induced owing to the shock caused by section. In 
1*011 rse of an hour, howt'ver, the excitability had been restor- 
ed almost te its original value before tin* section. This 
was the case with a vigorous specimen, but with less 
vigorous oni*s a longer pi*riod of about three hours is 
required for ivstoration. In certain other cases the response 
after st'ction exhibits alternate fatigue; that is to say, one 
rospons* is large ami the next feeble, and this alternation 
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goes on for a length of time. The isolated specimen, gene- 
rally" speaking, attains a uniform sensibility after a few 




Fig. .'U — V ariation of excitability after .xielic n. (1) I rninediatf' nfreci ; ( 2 ) 
variation of excitability in a bpcotkI spcclmm dnriii':^ do liour*^; (at nH[»onH<‘ 
4 hours after scclif>n; (^) respon.ue after 21 hours; (c) aftej- 19 lujiirH. rp-liru; 
of record repl•e^eMts responsive fall of the leaf, down line ind Ici les recovery from 
excitation. 


hours, which is maintained, with very sliglit decline under 
constant external conditions, for about hours. On Iht; 
third day the fall of excitability is very rapid, and tin; 
sensibility declines to zero in about r>0 hours after isolation 
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W»‘ TriJiy (lescribo the whole cycle of chancre 
;is f()ll(»\vs : by rh'‘ shock of op(‘ration the isolated prepara- 
tion is rrridcnMl insinisitivc for nearly an hour, the excitabi- 
lity is tlicn '^^radijally restored almost to its normal value 
bofoia' o|»«‘rition. rndcr constant external conditions, this 
excitability remains fairly constJinl for about 24 hours 

after which depiession sets in. The rati* of fall of excitabi- 
lity b 'ceni 's very rapid Id hours after the o[)eration, being 
finally abolished after the fiftieth hour. It is probabli^ 
that in a cohh'i- climatic the fall of (excitability would be 

much slower. dMie most important outcome of tliis inquiry 
is the (lemonst raiion of the ]>ossibility of obtaining per- 
sistent and uniform sensibility in isolated preparations. 
On account of this, not only is tlie ditliculty of supply 

of material imtiridy removed but a very high degree of 

aec.uracv S(‘(*ur<Ml for the investigation itself. 


Lf’Fia’T OF AMIM TA’rin.V OF IJIMMCU HAI.F OF PULVJNUS. 

h\rjK‘H nir}it The determination of the role })layed 

by differ. ‘Ill parts of the pulvinus in response and recovery 
is of much theoretical imiiortanco. Our knowledge on this 
subject is unfortunately very scanty. The generally accept- 
ed view is that on excitation “the actual downward curva- 
ture of the pilvinus is [larlly due to a contraction of the 
walls of the motor cells consequent ui)on the decri'ase of 
lurgor, but is accentuated by expansion of the insensitive, 
adaxial half of the pulvinus — which was strongly compressed 
in the unstiinulated condition of tliu organ — and also by the 
we ight of tin* leaf.” \ccoialing to Pfeifer, after excitation 
t»r the organ, ‘‘the original condition of turgor is gradually 
reproiluced in the lower half of the pulvinus, which ex- 
pands, raising the leaf and producing compression of the, 

^ li.iSrrlauilt , ‘ Fl.int. Anatomy,’ 1014, p. .070. Knglish Transla- 

; it'll, Mai’iHilliin iV ( 'n 
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upper half of the pulvinus, which aids in the rapid cMirva- 
ture of. the stimulated pnlvinus.”* 

It was held, then, that the rapidity of the fall of leaf 
under stimulus is materially aided (I) by the e^cpaiision of 
the upper half of the pulvinus, which is normally in a state 
of compression, and (2) by the weight of t]u> leaf. So 
much for theory. The experimental evidence availabb^ 
regarding the relative importance of the upper and lower 
halves of the pulvinus is not very conclusive. Lindsay 
attempted to decide the question by his amputation ('xpori- 
ments. He showed that wheti the upper half was nmioved 
the leaf carried out tlie response, but rigor S(‘t in wlum 
the lower half was amputated. Pfeifer’s ex])(‘riinents on 
the subject, however, contradicte<l tin' above resiiKs. II<‘ 
found that “ after the uppc'r lialf of the pulvinus was 
carefully removed, no movement was produced by stimu- 
lation, whert'as when the low<*r half is absiuit a w(‘al<('uo(l 
power of mov(*ment is retained.” Pfeff(n*, ho we van*, adds, 
“since the opi^ration undoubtedly affects ilui irritabilil y, it 
is impossible to determine from such (^xpc'rinietirs the 
exact part played hy the active contraction of the lowi'r 
half of the pulvinus.”* 

The cause of uncertainty in this investigation is twofold. 
First, it arises from the unknown cduinge in irritability 
consequent on amputation ; and, secondly, from absences of 
any quantitative standard by which the elfi'ct of selec,tive 
amputation of the pulvinus may be jneasurtjd. As r’ogards 
the first, I have been able to reduce, tlie depr<?ssing action 
caused by injury to a minimum by beuumbing tlie tissue 
before operation, through local apjilication of cold, and also 
allowing the shock-effect to disappear after a rest of sev(u*al 
hours. As regards the physiological gaugi^ of efficiency of 
the motor mechanism, such a measure is afforded by the 

* Ppkffkr — ‘P hysiology of Plants,’ vol. 3, pp. 75 and 76. English Transla- 
tion, Clarendon Press. 
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rrjjition a jU*linitc stiiniiliis and the resiilt- 

with itfl tinn‘-r(‘hitions, which is secured by 
ifiy K'‘Sonant Rk‘Cor«hT with tli(3 standardised electrical 
Hlirimlator, 

In carrying' out this investijL,^ation I first took the record 
<»f normal res[)onse of an intact leaf on a fast movin^» 
j)lat(‘. A second nsmrd, with the same stimulus, was taken 
after the removal of the upper half of the pulvinus, haviiii? 
taken t]i(3 necessary precautions that have been described. 
Comparison of the two n'cords (Fi^^ :V2) shows that the only 



Kit; irj. -Kil’cct o|‘ ampul. li inti df upper Itulf of piilviiiiis. lj[)pt'r reconl 
n trm.il icsptuise heftirt! :impiil;il ion, ;in.l Die lowur, rt'sponst! afit-r riinpiilatioii 
('^iKTt'^Mve (lots :i(, iiilerv:il< of (i I sec.V Ap(‘X-linu* 11 in both. 

ditrereiiee betw(*en them is in the exhibition of sli^dil dimi- 
nution of (*xe,itability dm* to opi‘ration. Ihit, as rej^ards 
the latent period and tlie quickness of attainini' maximum 
tall, there is no din’erencc between the two recortla before 
MUtl after tin* amputation of the upper lialf. The upper 
part of the ])ulvinus is thus seen practically to have little 
inllueiic'* in liastening the fall. 

EFFECT OP REMOVAL OF THE LOWER HALF. 

E.i'jirrimciit The shock-clTect caused by the amputation 
of the lower half was found to be very great, and it requir- 
ed a long period of rest before the upper half regained 
its exeitabi’ity. Tin* excitatory reaction of the upper half 
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is by contraction, and the response is, therefore, the lift- 
ing oT the petiole. Thus, in an intact specimen, excitation 
causes antagonistic reactions of the two halves. Ibit tin' 
sensibility of the upper half is very feeble and the rale 
of its contractile movement, relatively speaking, v<‘ry slow. 
The record of the response of the upper half of the pulvinus, 
seen in Fig. .‘k‘5, was taken with an Oscillating Ib'conier, 
where the successive dots are at intervals of 1 sec. : the. 



IKi. — UfrtporiHc after aniputafioii of lower half of [oilviruiH. (SiKicosHiv’o 
dots at intervals of a .second; vertical line.s mark mirjuLes.) Apox-tiiuc, 10 socs. 

imagnification employed was about five times gre^ater than 
in reconling tin* response of the lower half (Fig. .‘>2). Tin) 
intensity of stimulus to evoke responsi^ ha<l also to be 
considerably increased. Taking into account the factors of 
magnification and the intensity of stimulu.s for effective res- 
ponse, the lower half I find to he about 80 liiiKhS more 
sensitive than the upper. Thus, under feeble stimulus the 
upper half exerts practically no antagonistic reaction. The 

S A 
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(^xf-ititory rfiHponse of the upper half is also seen to be 
very slii'^f^ish. 


INFfiUENCJE OF THE \VE[(;ifT OF LEAF ON RAPIDITY OP 
RESPONSIVE FALL. 

is obvious that the mechanical 
rnoinont cxj-rtiMl Ijy tho woij'ht of the leaf must help its 
n\sj)oiisiv(^ fall umler «‘xeitati(m. But the relative import- 
ance. of the factors of activ(^ contraction of the lower half 
<»f (he pulvinus an 1 of the wei^^ht, in the rate of the 
responsive (lown-inov(3inent, still r^nnains to be determined. 
A satisfactory way of solvin.it the problem would lie in 
the study of the olpiracteristics of response-records taken 
under lhr(‘(^ ililVeianit conditions: (1) Wlu^n the leaf is helped 
in its fall by its wei»»h(. ; (2) when the action of the 

wei^dit is eliminated ; an<l (d) when tin? fall has to be 
t‘x<‘cute<l a^niinst an e(pii valent wei^dit. An approximation 
to thes(‘ conditions was ma<le in the following' manner. 
Wi‘ may n^j^nird tln^ mechanical moment to be principally 
due to the Wfij'ht of the four sub-petioles applied at the 
end of the main petioU*. In a f'ivt’ii case these suh-petioles 
were eut oil’, and their weight fonml to he O’f) ^im. The 
main petioU^ was now attached to the rif^ht arm of the 
h‘ver, and three successivt* records were takini : (1) With 
no wtdeht attached to (he pidiole ; C?,) 'vith 0*0 grm. 
attaehed to its end : and (.‘1) with O’o ^^rni. attached to the 
left jiriii of the lever at an eijnal distance from the ful- 
crum. Ill the lirst cast‘, the tall due to the excitatory 
coiuraction will practically have little weight to ludp it ; in 
tlie second case, it will he helped by a weight equivalent 
to those of the sul)-pi‘tioles xvith their attaclied leaflets ; and 
in the third case, the fall will be opposed by an equivalent 
xveight. Wo find that in these three cases there is very 
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little difference in the time taken hy tlie leaf to complete 
the fkll (Fig. 34). 

It has I) >en shown that the presence or absence of the 



Fi(i, :U. -MtFt'ft of woi^lit (»M rapithty of fall. N, witlMiut. iictii>n f)f ; 

W, with weif^ht lumping; and A, with woighl. »»ppo-ill^^ 

upper hall' of tlie pulvimis iiiakos practically no diflerence 
in the period of fall ; it is now S(‘en that the wei^dit 
exerts com})arati vel y little tdfect. We are thus led to 
conclude that in ileterininin^^ the rapidity of fall, tlu^ factors 
of expansive ftirce of the upj)i‘r halt ot the piilvinus and 
the widght of tln^ leaf are ne^di<,dl>le compared to the active 
force of contraction ex(*rted by the lower half of thi^ 
pulvinns. 


ACTION OF CIlK.MJCAIi AOKNTl^, 

In connection with this subject it need hardly he said 
that the various experiments which I had previously carried 
out with the intact 'plant can also be rei)eated with the 
isolated preparation. I will only give here accounts oi 
experiments which are entirely new. 
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The chemical solution may be applied directly to the 
juilvinus, or it may be absorbed through the cut end, the 
al)Hori)tion ladng liastened Ijy hydrostatic pressure. The 
noruial record is taken after observing })recautions which 
liav(i already been mentioned. ^J’h(^ reaction of a given 
chemical agent is dtunonstrated by the changed character 
of lli(* record. The ellVct of the drug is found to depend 
not merely (ui its cluunical nature, but also on tln^ do e. 
Tluire is another very important factor — that of the tonic 
condilion of the tissue — which is found to modify the 
result. 'J'he intluence of this will bi^ realised from the 
account of an experiment to l)e given presently, where an 



Kn;. .‘t5. — St iiiiulat :iction of hydro peroxide. 

idtmtieal agent is shown to ])r(aluce diametrically opposite 
etfi'cts on two specimens, om^ cd* which was in a normal, 
and the other in a sub-tonic, condition. The experiments 
(h‘seriht‘d below ndate to reactions of specimens in a normal 
coiulition, 

IhfdnKjvn Pcnu'ide : K.cpenmeht <J?7.--Tbis reagent in 
dilute solution exerts a stimulating action. Normal records, 
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were taken after lon^-contimied application of water on 
the pulvinus. Tlie ])eroxiile, as supplied l>y Afessrs. Parke 
Davis & Co., was ililuted to 1 per cent., ainl applied to 
thc‘ piilviniis; this gave rise to an enliancenient of response. 
Re-application of water reduced the amplitude (o the old 
normal value (Fig. ih5). 

Barium Chloride: K.rperiment .^5.— The action of this 
agent is very characti'ristic, inducing groat sluggishm‘ss in 
recovery. The pn'paration had been kept in I -per cenr. 
solution of this substance for two hours. AftiT this the 
first responses to a given test-stimulus was takem ; tlu^ 
response was only moderate, and the recovmy incomplob'. 
The sluggisliness was so great that the next stimulation, 
represented by a thick dot (Fig. dG), was inelVective. 
Tetanising electric shock at T, not only brought about 



Kl(}. af).— fMCOinpltac n-covory iitultT tho .-iction of linCl , .iiid teiiirtieiil 

rerttt)ratioii uiulcr tL-t:irii!-;ilioM ;it I’. 

response, but removed for the limci being the induce<l 
sluggisliness. This is seen in the mvxt two nniords, whicli 
were taken under the old test-stimulus. Therc^ is now an 
enhanced respons(^ and a complete recovery. Peneficial 
effect of tetanisation di8appearu<I,' h<>wov<ir, on the cessation 
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of stimulus. This is seen in the next two records which 
were taken after two hours. The amplitude of respon&e was 
not only (liminislied, but the recovery also was incomplete. 

yUifafjonistic actinns nf Alkali and Acid : Experhnent 
r!l ). — Alkali and acid are known to exert antagonistic 
actions on the spontaneous beat of the heart ; dilute solu- 
tion of XaOri arrests the beat of the heart in systolic 
contraction, while dilute lactic acid arrests the beat in 
<liastolic (expansion. I have found identical antagonistic re- 
actions in the pulsating tissue of Defi) nodi uni (/yrans^ the 



Kic. 117. -AulMjxniiistu! action of alkali and acid. Arrest of response in 
cdiiiracl iuii iiinlcr NaOH ( f )j l■c•f^toralion and tinal arrest in expansion under 
:ic: ic acid (t )• 

teU graph plant. It is very interesting to find that these 
agents also exert their characteristic effects on the response 
of Mi/nosa in a inaninT which is precisely the same. This 
is seen illustrated in Fig. il7, where the application of 
Nat)ll arrested tlie response in a contracted state; after 
this, the antagonistic etfect of dilute lactic acid is seen 
first, in its power of restoring the excitability ; its conti* 




RESPONSE OE PETtOtE-Pt^LVlNtts PHEPARATToS^ 1)1 

nued application, however, causes a second arrest, but this 
time 111 a state of relaxetl expansion. 

CuSO^ Solution . — Tliis a^ent acts as a poison, causing' a 
gradual diminution of amplitude of response, culminating 
in actual arrest at death. Certain ])oisons, again, exhibit 
another striking symptom at the moment of death, an 
account of which will be given in a separate })apt*r. 

EFFECT OF “FATKUjE” ON' nESr>0\SE. 

With Mimosa^ after each (‘xcitation the re(*ov(*ry beconu's 
complete after a r(‘sting period of about In min. With 
this interval of la^st the succossivo rt‘s|)(mses for a given 
stimulus aiv^^ eijual, and are at their maximum. 

Kxpei'unfuit >10 . — When the resting interval is dimi- 
nished the recovery becomes incompleU‘, and ther4‘ is a 



Fia. 38. — “Fatigue” induced by Mhorteiiing intervening period of rest. 
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consequent (liiniiiutioii of ampUtiuie of response. There 
is thus an increased fatigue with diminished period of 
rest. This is illustrated -in Fig. 3S, where the first two 
re8[n)nses are at intervals of IT) min.; the resting interval 
was then redinied to 10 min., the response undergoing a 
marked diminution, (’onversely, by increasing the resting 
interval, first to 12 and then to 15 min., the extent of 
fatigue was r(‘duced and then abolished. 

THE INFLUENCE OF (K)NSTANT ELECTRIC CURRENT ON 
RECOVERY. 

Kxiieri}nenl o7. — From the above experiment it would 
appear that silicic the incomphdeness of recovery iiuluces 
fatigui^ liastening of recovery wouhi remove it. With this 
id<‘a 1 trimi various methods for (iiiickening the recovery 
of the excited leaf. TIkj application of a constant electric 
current was found to have the desired effect. Two eh‘C- 
trod(*8 for iutiaul notion of current were ap})lied, one on 
tlui stt*m and the other on the petiole, at some distance 
from the j)ulvinus. In order to avoid the excitatory effect 
of sudden application, the applied currmit should be in- 



Fia Artion of eonstiuit current in roniovjil of fatigue by hastening 

recovery ; N, curve of resnonM- in fatigued specimen ; after passage of current. 
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creased graduallj’ ; this was secured by means of a pidtui- 
tiometer slide. In my experim*mt a current having an 
intensity of 1*4 micro-ampere was found to he elVective. 
Responses at intervals of 10 min., as we liave seen, t'xhihit. 
marked fatigue. Two responses were V(‘cordeil on a fast- 
moving plate, N before, and C after, the a})plication nf 
the current. It will he seen (Fig. 1111) how the application 
of current has, by hastening tln^ recovt*ry, enhanct^d the 
amplitude of response and brought about a di ini nut ion 
of fatigue. In coniu'ction with this, I may stati* that the 
tonic condition is, in general, improved as an aftin’-etfect 
of the passage of current. Tliis is seen in sonn^ casts by 
a slight increast^ in excitability; in oth(‘rs, wlu'n* (Im res- 
ponses had been irregular, tln^ previous passag(^ of a cur- 
rent tends to make the responses more uniform. 

ACTION OP LKMIT AND DARKNESS ON EXClTARIIJTV. 

In taking continuous records of r(‘S})onses I was struck 
by the marked change of excitability exliibited by tin* intacl, 
plant under variation of light. Thus tin" appearance of a 
cIoikI was (|uickly followed by an induced d(‘pression, and 
iis disappearance by an e(|ually quick restoration of excit- 
ability. This may be explained on the tluiory that certiiin 
explosive chemical compounds are built up by tin* plioto- 
syiithetic proc *sses in gretm huives, ami that the inti‘nsity 
of response depends on the prescmce of these com|)ounds. 
But the building up of a chemical compound must ne(a*s- 
sarily be a slow process, and it is dillicult on tlni above 
hypothesis to connect the rapid variation of (excitability 
with the production of a chemical compound, or its cmvs- 
satiou, concomitant with chang(;s in the iucideiO light. 

Kjrperiment 32 , — In order to find out whether photo-syn- 
thesis had any effect on excitability, I plaC(i<l an intact 
plant in a dark room and obtained from it a long sorites 
of responses under uniform test-stimulus. While this was 
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being done the green leaflets were alternately subjected t6 
strong light and to darkness, care being taken that the 
pulvinus was shaded all the time. The alternate action 
of light and darkm^ss on leaflets induced no variation in 
the uniformity of response. This shows that the observed 
variation of excitability in Mi?nosa under the alternate 
action of light and darkness is not attributable to the 
photo-synthetic processes. 

I next took a p(*tiole-piilvinus preparation from which 
th(i Hiib-p(‘tioh-s bearing the leaflets had b(ien cut off, and 
placAMl it in a room illuminated by diffused daylight. 
Th(^ normal responses were taken, the temperature of the 
room b'dng flO " ('. 'rh(‘ room was ilarkened by pulling 

down tlie bbnds, ami records were continued in darkness. 
Th* temperature of the room remained unchanged at 30*^ 
(k It will be seen from records given in Fig. 40, that in 



Fio. *10.— SlinmljUiiig action oi licrht, and depressing action of darkness. 
Horizontal line below represent.** perio<l of darkness. 
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<larknesB there is a great depression ot excitability. Hliinls 
were next pulled up and the records now obtained exhibit 
the normal excitability under light. The sky had by this 
time become brighter, and this accounts for the slight 
enhancement of excitability. This (\\j)eriment prove® 
conclusively that light has a direct stimulating action on 
the piilvinus, independent of photo-synthesis.* 


SUMMARY. 


Oil isolation of a petiole-pulvinus preparation, the shock 
of operation is found to paralyse its sensibility. Aftiu* suit- 
able mounting the excitability is restored, and remains 
jiractically uniform for nearly 2i hours. After this a depres- 
sion sets in, the rate of fall of excitiibility becomes rapid 
40 hours after the operation, sensibility bt*ing liiially abolish- 
ed after the fiftieth hour. 

Experiments carried out on tin' etfect of wcught, and 
the influence of selective aniiiutation of the upper and 
lower halves of the pulvinus, show that in deti'rmining the 
rapidity of fall of leaf, tin? assumed factors of tin? (‘xpansivo 
force of th‘* upper half of the pulvinus ami tin? weight of 
the leaf are negligible compared to the force of active con- 
traction exerted by the lower half of the pulvinus. The 
excitability of the lower half is eighty times grt‘ater than 
that of the upper. 

Chemical agents in<luce characteristic changes in excita- 
bility. Hydrog??ii peroxide acts as a stimulani. Jlarium 
chloride renders the recovery incomplete ; but tetanisation 
temporarily removes the induced sluggishness. Acids and 

* See also Bose and Das—* Physiological Investigations with PctioIe-PulvinuH 
rreparations of Aihnosa pudicnJ* Proc. Roy. Soc. B. Vol. 8‘J, 1910. 
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alkalirt induce auta^(onistic reactions, abolition of excitability 
witli alkali taking' plac(3 in a contracted, and with acid in 
an (jxpanded condition of the pnlvinus. 

Th<; roHpo:isi‘rf exhibit fai.i^ue when the period of rest is 
diniinislicd. 'I'fie passa^.*- of constant current is found to 
remove, the fati^oie. 

Response is enhanctul on exposure to light, and diiii- 
inished in <larkn(*ss. Light is shown to exert a direct 
stimulating acti()n on the pulvinus, independent of photo- 
synlhesiB. 



VI.— ON (M)NJ)TTOTION OF KX(’1TAT[0N IN PLANTS 




Sill J. r, Hosi:. 


Thm plant Jliitfdsa tlio l)i‘s( material for invost- 

ij'ation on conduction ol excitation. With rt‘^'ard to this 
question thi^ provailin.i' o])inion had lunm tliat in plants 
like MitHosffy tiiere is nnu'ely a transmission of hydro- 
rnechanicjil disturhanci‘ and no transmission of true t'x- 
(dtation comparahle, with tin* animal m‘rv(‘. I ]iav<‘, howextu*, 
been ahh* to show that tlie transmission in l,lie plant 
is not a niechani(;al ])henomenon, hut a pro[>a^^ation (»f 
excitatory protoplasitiic, chani^n*. This has been provtal hy^ 
the arrest of conduction hy the application of various 
physiological hlo(*>ks. Thus local ap[>lication of increasinfj; 
cold retards, and finally abolishes Uk^ conductin*' powm*. 
The conducting tissue becomes paralysed for a time as an 
after-effect of application of cold ; th(‘ lost conducting 
power may, however, be quickly restored by tetanising 
electric shocks. Tln^ conducting ])Owi*r of an animal m>rve 
is arreste<l by an (‘U^ctrotonic block, the conductivity being 
restored on the cessation of the current. I have succ(;eded 
in inducing similar electrotonic block of conduction in 
Mimom. (knidiictivity of a selectivt? portion of petiole 
may also be permanently abolished by local action of 
poisonous solution of potassium cyanide.* 

Bore — ‘‘ An Automatic Method for the Jnvcst.ifjation of Velocity of Trfinn- 
mirtsion of Excitation in Mimosa.” • Phil. 'J'ranH.’ ‘ B, Vol. 304 (1913) and 
alao “ Irritability of Plaiita.” Longman’a Green &, Co. (1913), p. 132. 
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Having thm estai)lishe(l the phydiological character of 
the traiismittefl impuirte in plants I shall now proce.ed to 
give some oT the })rincipal results of iny earlier and 
recent investigations on the elfects of various agencies on 
conduction of (‘xeitation in plants. 

Apart from any question of hydro-mechanical trans- 
mission, it is important to distinguish two different modes 
of transmission of excitation. In a motile tissue contrac- 
tion of a cell causes a physical <leformatioii and stimula- 
tion of tln^ neighbouring cell. Examples of this are 
furnislnMl by the. cardiac muscb‘ of the animal, the pul- 
vitius of and th<‘ stamen of l^erheris. This mode 

of propagation may Ixitter bi^ describe.d as a convection 
of (‘xcitation. 

The can'lnctian of (vxcritation, as in a nerve, is a 
differimt proc<*ss of transmission of protoplasmic change, 
'rhe conducting tissue in this case <loes not itself exhibit 
any visible change of form. In the plant the necessary 
com lit ion for transmission of excitation to a distance is 
that the conducting tissue should be possessed of proto- 
plasmic continuity in a greater or less ilegree. This 
condition is fulfilled by vascular bundles. There being 
greater facility of transmission along’ the bundles than 
across till m, the velocity in the longitudinal direction is 
very inucli greater than in the transverse. 

For accurate «letermination of velocity of transmission 
tlo' testing stimulus should he quantitative and capable of 
repetition. Abnormal high velocity has been observed in 
Mlmom by applying crude and drastic methods of stimu- 
lation, by a transverse cut or a burn. This is apt to 
give rise to a very strong hydro-dynamic ilisturbance, which 
travelling with great speed, delivers a mechanical blow 
on the responding pulviiuis. Such hydro-dynamic trans- 
mission is not the same as physiological conduction. 
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In the primary petiole of Mi mom the hiirliest velocity 
under .electric stimulation I liml to he about ;U) mm. 
per second. This vidocity is considerably lower than tlu‘ 
velocity in the nerve of hifxher animals, but higher tlian 
in the lower animals. As an (‘xami)le of the latter, 
mention may be made of the vtdocity of 10 mm. per 
second in the nerve of Anodon and 1 mm. per second in 
the nerve of KiedtjHC, 


PREFERENTIAL DIRECTION OF (ION DlIlVnoN . 

Kxperi)ne)it 3S. — ^Tht^ conduction of (excitatory impulse 
takes place in both directions. This can bie domonst rated 
by taking; a ])etiole of JlinpJujlKm }<rnHitirunt or of Averrfioa 
canimhoia. These petioh^s are provided with a series of 
motile lealhds. Stimulation at the middle point of llie 
j)etiol(^ gives rise to two wav(*s of excitation, one of which 
travels towards the central axis of the plant, and the other 
away from it. The centrifugal vtdocily is gn‘ater thun 
the centripetal as will be seen from the following ri^sults : 


liiophift nm .. 

. 1 Vclocit/V in Cfiil i «Iin‘<:l,ion 

mm, per M ccmd. 

Averrhm 

: ,, (•(•utripetal 

. ' mil rifnf^al ,, 

‘J mm. „ „ 

On mru. ,, ., 1 


,, coni 1 ipotal ,, ... j 

(>•‘^1*) mm „ „ 1 


EFFEC^T OF TEMPERATURE. 

Variation of tempt'raturc^ has a marke<l (^Ifecd, on the 
velocity of transmission of excitation. L()W(;ring of t(‘m- 
peraturc? diminishes tin; velocity, culminating in an arn*st. 
Rise of tem[)erature, on tlui other hand, eaihan(?es th (3 
velocity. This enhancmnent is considerable in specimens 
in which the normal velocity is low, but in plants in 
optimum condition, the velocity being already higli, cannot 

y 
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be fnrtlior enhanced. The following? tahnhir statement 
^Mves results of effects of UMiH)eraturo oii velocity of* trans- 
mission in and livqthfftmn : — 


J AJJrK IV, — KKKKCT OK TKM I’F.HATUIIK ON VKLOcri V OK '1 RANSMISSION. 


Spccirnoii. 

Tom |»(‘ nil lire. 

Velocit}'. 

]iim >fti (winter sj.et'injen) 

! a’ 

aat inin. ]ier s( cond. 


”* i 

<)-.'} mm. „ 


:ua; 

tiO mm. „ 

liittjifillf'nn 


a-7 mm. „ 



7'tinm. ,. 


a: a' 

ii'tii. ,, „ 


EFFEtrr OF SEASON. 

'I'he v(‘lo(;i(y of transjjiission is vt^ry much lower in 
wint(‘r than in summer. Tn the |)etioh‘ of the 

velocity in summer is as hi^'h tis ,’U) mm. ])er second ; in 
winter it is reduced to about 1 mm. The lowering? of 
velocity in winter is partly dm^ to the ])r<ivailin^^' low tem- 
peratun* and also to the <leprt‘SsiMl state of physiological 
activit y. 


EFFEOT OF AOE. 

In a J///no.sa plant, diHerent leaves will be found of 
dillt'rent age. Of these the youngest will bo at the top. 
J^ower down, wt* oi)tain a fully grown young leaf, and 
n»‘ar the base, leaves whieh are very old. The investigation 
ihuils with (lie ellect of age on the condueting power of the 
petiole. 

Cufn/t((.ris(m a/ rundudimj [nnver in diJ/rrrjtl /ecfves: 
Kr/wrif)irni •>•/. — Seli*cting thr*a* leaves from the same plant 
we aj^ily an identical electric stimulus at jioints cm. 
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from the three re3p(»iulin^ pulvini. The eli'ctrie coiiiiee- 
tions ure so nuide th;it the same tetanisintif shock is applied 
on the three petioles, very yt)ini^, fully ^rown, and very 
old. The secondary coil is ij:ra<liially pushed in till the 
leaves exhibit rospousive fall. d’he fully ^rown leaf was 
the first to respond, the velocity of t rausinissioii being 
mm. ])er second. The secondary coil hatl to be pushed nearer 
the ])riniary through b cm. befori' excitation could be 
effectively transmitted through the young petiob' ; for the 
oldest leaf still stronger stimulus was lu'cessarv, sinci' in this 
case, the secondary had to be pushed through an atlditional 
distance of 4 cm. for (‘lfectivt‘ transmission of excitation. 

I also determint'd the relative valutas of the minimal inten- 
sity of stimulus, idl‘ectiv(‘ in causing transmission of t^xcita- 
tion in the thret' cases. A«lo])ting as i)efore tlu' intensity 
of edectric stimulus which catises ban* ])t'rception in ji 
human being as the unit, 1 find that tln‘ elVeciive stimulus 
for a fully grown young ])(‘tiob‘ is i)*',) unit, while the 
very young re(|uired 2*5 units, ami tln^ v«‘ry old o units. ^ 
Hence it may be said tliat the conducting ])ower of a very 
young is an eighth, and of the very obi one‘sixt(‘enth of 
th(* ccnductivity of the fully grown young s|)ecimmi. 

It will thus be seen that the (conducting ])OW(U* of a 
very young petioUc is feol)b*r than in a fully grown spisn- 
nien. Tlie conducting tissue*, it is true, is pr(*sent, but tin? 
power of conduction has not Ixccome fully (bcvelopcul. This 
power is, as we shall stM* later, (ionfc'rrcd by tin* stimulus 
of th(c environment. In a vt‘ry (»ld sj)ecimen the diminution 
of conducting ))0wer is due to the gen(‘ral physiological 
decline. 


EFFECT OF DESICtLVTlON ON (’ONI) UCTI N^J TISSUES. 

I have already shown that transmission in tiue plant 
is a process fundamentally similar to that taking place in 

9 A 
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th(J animal nervo ; it has also been shown that the effects 
of various ])liysical and chemical aj^ents are the same in 
the conducting? tissues of plant and of animal. 

Kffert (tf applif'ntifm of (jhjcerine: Kxj^nrhheot 35 , — It is 
known that desiccation, j?enerally speaking?, enhances the 
excitability of the animal nerve. As f?lycerine, by absorp- 
tion of water, causes partial desiccation, I tried its eff(^ct 
on conduction of excitation in the petiole of Mimosa, 
Knliancement of conductin*? power may bo exhibited in 
two ways; first, by an increase of velocity of transmis- 
sion ; and, secondly, by an enhancement of tin* intensity 
of the transmitted (‘xcitation, which would ^dve rise to a 
^'reater am])Iitude of response of the motile indicator. In 
Fif?. 41 are given two records, N, before, and the other after 



^I(;. 11— Ac[m»m of glyctriae in enh:incing the Rpeod ami iuteufiity of transmitted 
eKcitatiLm. Stimulus applied at the vertical line. Successive dots in record arc 
at iuterv;ils of O'l m?c. 

tin' applieation of glycerine on a length of petiole tlirough 
which excitation was being transmitted. The time-records 
demonstrale conclusively the enhanced rate of transmission 
after the apjilication of glycerine. The increased intensity 
of transmitted excitation is also seen in the enhanced 
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amplitude of response seen in the more erect curve in the 
upper* record. 

INB’LUENCE OF TONIC CONDITION ON CONDUCTIVITY. 

Difft'reiit specimens of Mi turned are found to oxliibit 
differences in physiolo^ncal vigour. Some are in an opti- 
mum condition, otliers in an unfavourable or sub- tonic 
condition. I shall now d(‘scrib(‘ certain characteristic 
differences of conductivity exhibited by tissue's in different 
conditions. 

Effect of intensihi of stimulus on vdocitif. of fnoismis- 
sion.— In a spi'CinKui at 02 )timum condition, tlu' velocity 
remains constant under varying intensities of stimulus. 
Thus the velocity of transmission in a speciimm was d(»ter- 
mined under a stimulus intensity of O*;*) unit : the next 
determination was made with a stimulus of four times the 
previous intensity, i,e.^ 2 units. In both these' cas('s the 
velocity remained constant. Jhit when the specimen is in 
a sub-tonic condition, the velocity is found to increase 
with the intensity of the stimulus. Thus tlu^ vidocity 
of conduction of a specimen of Mimosa in a sub-tonic 
condition was found to be 5*1) mm. p(U’ second under a 
stimulus of 0*5 unit; witli the intensity raist'd to 2*5 
units, the velocity was enhanced to 8*3 mm. per second. 

After-effect of stimuhis . — In experiimmting with a parti- 
cular specimen of Mimosa I found that on account of its 
sub-tonic condition, tlu; conducting power of tlu; petiole; 
was practically absent. Previous stimulation vvas, however, 
found to conft'i* the i)ov/er of conduction as an after- 
effect. It is thus seen that stimulus canalises a path for 
conduction. 

The effect of excessive stimulus in a specimen in an 
optimum condition is to induce a temporary dt'pression of 
conductivity ; the effect of strong stimulus on a sub-tonic 
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sptH'inuTi is precisely the opposite, namely, an enhancement 
of conductivity. 1 {^dve ladow accounts of two typical 
('X])erimenis carried out with potiole-pulviiius preparation 
of K\C(‘Hsive stimulation in these cases was caused 

by injury. 

A(ii(in <t/ Injnrif an Xorntal Si)eci)nem: Fj.v peri merit 36,— 
A cut. stmn witli (uitire b?af was taken, ami stimulus applied 
at a distance of iL mm. from the ])ulvinus From the 
normal record (1) in Fi^. 42 the velocity of transmission was 



Kid. I*y -KIVkm m|' injury, iU‘|>rrssiii^ ra.lc ol’ romiiKMioii in iionnul sinoiinen : 
(\) rciMii'd hi'tue*, nnd (2i after injury. ( Dot-int.ei val--', o i sec.). 

found to be l(S 7 mni. per sec. 'J'h(‘ end of tlie petiole 
beyoml tln‘ point of application of the testitiy stimulus was 
now cut olV, and record of velocity of transmission 
takmi once more. It will be seen from record (2) that 
the excessivt‘ stimulus caused by injury had induced a 
• lepression in the conducting power, the velocity being 
reduced to ll)-7 mm. per sec. Excessive stimulation of 
normal spimijmms is thus seen to depress temporarily the 
conducting pt>wer. 

Action of Injnnj on Snh-tunir S/iecimcns : Experiment 
37. — 1 will now ilescribe a very interesting experiment which 
shows ho\/ a]\ iilentical agent may, on account of ditlVrence 
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in the tonic condition of tli*^ tiSi=Juo, i 2 :ive rise to dia- 
metrically opposite elfects. In dtMiionst rat ini' tins, I took a 
specimen in a aiih-tonic condition, in which tin* (amductin*^' 
power of the tissue was so far below ])ar, that the test- 
stimulus applied at a distaiK^e of 15 mm. failed to be 
transmitted (Fii?. 4!l). 'riie end of tlie petiole at a distance 



Fk;. 4.).— FiFrcr of itijiiry in vahiuicing {In* noinlnctni^^ l»o\V(‘r i»l‘ :i Muh- 
i.Oiiiial spj'ciincn ; (1) tnnisini-AHioii hroomin,^^ (‘irrctivi’ at (‘J) after 

'•‘ction ; aftor half asi hour, iimI (I) i.u'nM^cti (M)ii(Iu(;I ivity 

aftor a fn*s]i cut. 

of 1 cm. beyond the point of application of tt'sl-stimulus. 
was now cut olf. Tlie af tt‘r-elVect of this injury was 
found to enhance the conducting ])ow(‘r so (hat the stimulus 
previously arri*ste(l was now ell'ectivtdy transinitt(Mh tin* 
velocity beinj^ ^5 mm. })er sec. 'This enhauciul comluctinj^ 
])Ower Ixigan slowly to ilecliu(‘, ami after half an hour 
the velocity liad declined to I'l inm. per siic. d’lu^ end 
of the j)etiole was cut onc(‘ mon‘, and tin* ell’tuh of injury 
was a^ain found to enhance tln^ t;onductin^' power, tin* 
velocity of transmission bein^ restored to 25 inm. p(;r sec. 


SUMMARY. 

There are two ditferimt lypt^s of propagation of excit- 
ation : by convection, and by conduction. In tlie former the 
excited cell uiider^i'oes deformation and causes mechanical 
stimulation of the next ; example of this type is seen in 
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the stamen of H<^.rherii>. The conduction of excitation con- 
sists, on the other liarnl, of ])ropa‘'ation of excitatory 
protoplasmic clianj^e. The tranmission in the petiole of 
Miimmi is a plienomenon of conduction. 

Tliis conduction takes place along vascular elements. 
Tlie conductivity is very much greater in the longitudinal 
than in tlui transverst‘ direction. 

Rise of temperature enhances, and fall of temperature 
lo\V(‘rs, the rate of conduction. Excitation is transmitted 
in both diiM*ctions ; tlu^ centrifugal velocity is greater than 
tlie (MMitri petal. 

I)(‘Ssication of comlucting tissue by glycerine enhances 
tin* conducting power. Jjocal application of cold depresses 
or arrests the c.onduction. Application of poison permanent- 
ly al)oliHh(‘s the power of conduction. 

Conductivity is modified by the effect of season, l)cing 
higher in summer than in winter. 

Tlu^ j)Ower of conduction is also modified by age. In 
young S[)ecimens the conducting power is low, the conduc- 
tivity is at its maximum in fully grown organs ; but a 
decline t)f conductivity sets in with age. 

'file tonic condition of a tissue has an intluence on 
conduciivUy. In an o[)timum conditii)n, the velocity is the 
same for feeble or strong stimulus. Excessive stimulation 
induci‘s a teinpi)rary d(^pn‘ssiou of the conducting power. 

The elft'cts are dilferent in a sub-tonic tissue : velocity 
of transmission iucreas(*s with intensity of stimulus ; after- 
elfect of stimulus is to initiate or enhance the conducting 
power. Till' conducting path is canalised by stimulus. 
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J>!l 

Sir J. C. Bosk. 

I HAVE ill my previous works* described in vestii'ations 
oil the conduction of excit:iti<m in Minios(( jnidira. It was 
there shown tluit the various cluiraet eristics of the ])ropa- 
gation of excitation in tiie coiniucting tissui‘ of tlie plant 
are in every way similar to those in the animal nerve. 
Hence it appearcid probal)le that eiiy iu‘wiy found pheno- 
menon in the one case was likely to h^ad to discovery of a 
similar phenomenon in tlie other. 

As the transmission of excitation is a plienoiiienon of 
[)ropagation of mole‘cular disturbance in tlie conducting^ 
vehicle, it appeared that the excitatory impulse could b(i 
controlled by inducing in the conducting tissue two opposite 
‘molecular dispositions’, using that t(U*in in tluj widest 
sense. The possibility of accomplishing this by tlie directive 
action of an electric curnmt lia<l attrucii'd my attention for 
many years. 


MKTIIOD OF CONDUCTIVITY DAliANin^:. 

I have previously carried out an electric method of in- 
vestigation, dealing with the influence of electric current 
on conductivity. The method of Conductivity Balance which 
I devised for this purposet was found very suitabh?. Isolated 
conducting tissues oi certain plants were found to exhibit 

* Bose — ‘Comparative Kiectro-Physiology ” (11>U7). LungiijaiiH, Oreeii a»id Co. 

t Ibid,p. 478. 
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transmitted effect of (‘xcitator)’’ electric change of galvano- 
rnetric negativity, which at the favourable season of the 
year was of siifhcieiit intensity to he rocorde l by a sensitive 
galvanomet(‘r. A long strand of the conducting tissue was 
taken and two ehictric connections were made with a 
galvanonieter, a few centimetres from the free ends, 
Tlnu’inal stimulus was aj)plied at the middle, when two 
excitatory waves with their concomitant electric chang(*s 
were transmitted outwards. By suitably moving the point 
of applicaitinn of stimulus nearer or further away from om' 
(»f the two eh*ctri(5 contacts, an exact balance was obtaiiuul. 
This was the (!as(* when the resultant galvanometer deflec- 
tion was reduced to zer(». If now an electrical current be 
sent along tlu^ length of tlu^ conducting tissue, the two 
excitatory waves stud- outwards from the central stimulated 
point will <‘n(;ounit‘r tht^ (dectric current in differtmt ways : 
omt of th(‘ (‘xcitatory waves will travel with, and the otht*r 
against the dirt'ction of the current. If tlit' power of transmitting 
(‘xthlafitm is modi (hoi ])y the dirt*otM>n t)f an electric currtmi 
then tlu^ inagniludtH of transmitted excitations will be dilfer- 
ent in the two cast's, with the result of the upsetting of 
lilt* (\)ntluctivity Balance. From the results of i*xperimentK 
carrit'tl out by this methotl on the effect of feeble 
current t)ii c.omluctivity, the conclusit)n was arriveil at that 
excUatiitn is hotter anidurtod against the dirrrtinn of the 
nirrent than iritli it. In otht*r words, the iiitlueuce of an 
tdectric current is tt> confer a iirefeivmtial or selt*ctive tlirec- 
tit)n t)f ctiiuluctivity for excitation, the tissue becoming a better 
ct)utluc(or in an electric up-hill direction compared with a 
down-hill. 

The, results were so unexpected that I have for long been 
desirous of testing the validity of this conclusion by inde- 
pendent methoil of inquiry. I shall presently give full account 
of the perfected method, and the various difficulties which 
had to bo overcome to render it practical. Before doing 
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his I shall describe a simple method whicdi I have devised 
for d<*moiistratin^ the principal results. 

CONTROL OF TRANSMITTED EXCITATION IN averruok niLiMHl. 

The petiole of Avevrliua bilimhi has a lar^t* number of 
paired leaflets, which, on excitation, underj^o downward 
closure. Feeble stimulus is apj)liiMl at a point in tlu‘ 
petiole, and the transmission of excitation is visibly mani- 
fested by the senaal fall of the h‘afhds. The distaiuH' to 
which the excitation reaches is a measure of normal pow(*r 
of conduction. Any variation of conductivity, by tlu‘ 
passage of an (d(‘ctric current in one direction or tlu^ oilnn* 
i^^ det(^cted by the (‘iihancmnent or diminution of tin* dis- 
tance through which excitation is transmitted. 1 shall 
describe the special precautions to bi* takcm in carrying 
oat this investigation. 

Electric stimulus of induction shock of (h‘finiti‘ int<‘nsity 
and duration is snppliiMl at the middb‘ of the pidioh’i at KK' 
(Fig. 44j. The hndbds to the left of K, an^ not necessary 



44, — Diaf'rarn of ox| eriiiK Mtal nrranj^efnont for roiitrol of tranMrnilt(?<I 
ation in Averrhoa bilimbi. For explanation see text. 
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for the purpoHo of this oxperiment and therefore removed. 
Th(‘ intensity r>f the induction shock may be varied' in the 
usual manner by removini^ the secondary coil nearer or 
farthe.r from tin* ])rimary. The duration of the shock is 
always inaintaiiu;d constant. On application of electric 
stimulus (ixcitation is transmitted along the petiole, the dis- 
tance of transmission depending on th(‘ intensity of stimulus. 
With f(‘ebl(! stimulus two pairs of leatlets may untlergo 
an excitatory fall ; with strojiger stimulus the transmission 
is <‘xt(‘n(le(l to the eml of the ])etiole, and all the leaflets 
(exhibit movements of closur(‘. We shall now study the 
modifying iiitlinmct^ of a constant current on conduction 
of excitation. (/ is an ehictric cell, R the reversing key 
by which the tdectric current could be sent from right to 
h‘ft or in the opposites direction. When th«i current is sent 
from right to tlie loft, tln^ excitatory impulse initiated at 
KM' tr<ive,ls against the dirt^ctioii of tin? current in an 
‘up-hill’ direction. When the current is rev(Tsod it flows 
in th(^ j)etinhi from left to right and the transmitted 
ini])ulso travels with the current or in a ‘down-hill’ 

direction. 

Two complications are introduced on the comph'tic'ii of 
tlu^ (dectric circuit of tin* constant current : the first, 
is the distributing t*ll\*ct of h‘akag(^ of the induction 

current ust*d for I'xcitation, and second, the polar variation 

of excitation induct'd by the constant current. 

Lr(ih(i(/r of indifrlion nirrent , — Before completing th(^ 
constant current circuit, the alternating induction current 
gtx'S only through tlu^ path EE'. On completion of the 
constant current circuit, the alternating induction current 
not only passes through the shorter path EE' but also by 
th(* circuitous path of the constant current circuit. The 
escaping induction current woukl thus excite all the 
leatlets directly and not by its transmitted action. 
This dillicnlty is fully overcome by the interposition of a 
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choking coil which will bo iloscribod bolow, A siinplor, 
though loss perfect, dovico may bo oinployiMl to riuluci' uml 
])ractically eliminate the leakage. This consists of a loop, 
L, of silver wire placed outside EK'. The leakage of induc- 
tion current is thus diverted along this path of lu'gligihh* 
resistance in preference to the longin* circuit through tin' 
entire petiole, which has a resistance several million ohms. 

Polar action of current on c.rcitahilit if, — It is wi*ll known 
that an electric current induces a local depression of ex- 
citability at the point of entrance to the tissue, or at the 
anode, and an enhancement of excitability at tln^ point of 
exit, or at the. cathode. But the excitability is unatfectod at 
a point equally distant from anode and cathodi'. This is 
known as the indifferent point. The exciting electrodes 
EE' are placed at the indilferent point. But wlnm tin*, 
current entt'rs on tln^ right side*, the t(u*ininal h'afh'ts to tht' 
right have their excitability dej)ri‘SH(‘d by the proximity of 
anodCj but the h'ailots near tiie ehH‘<tro(h^s EK\ lu'ing at 
a distance from the anode an* not atfeeded by it. iMoreovc^r 
it will be shown that tln^ i*nhanc(‘d condiudivity conf(‘rred 
by the dirc'ctive action of tin* curra'iu overpo\V(*rs any 
(hipression of ('xcitabi lity in iln* terminal leaflets due to 
the proximity of tin* anode. I shall, for (Convenience, d(‘- 
signaU* the transmission as ‘up-hill’, whc'n (‘xcitation is 
propagated against the direction of tho constant iclce.tric 
current, and ‘ down-hill ’ wlnm transjnitti'd with the direc- 
tion of the current. 

Transmission of e,rcitation ‘ Uit-hill ’ : P.cjieriniott 3H. — I 
shall give here an account of an (‘xperinn'iit which may bo 
taken as typical. I took a vigorous sp(ccann*n of Arerrhoa 
hilimhi^ and appliiul a stimulus whost; intensity was so 
adjusted that the piopagated im[)ulse brouglit about a fall 
of only two pairs of leafhds. This gave* a measur(* of 
normal conduction without the passagi; of the current. 
The constant electric current was now sent from right to 
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Ifjft. A iiecesHiiry precaution is to i'lcrease the current gradu- 
ally by means of a suitable potentiometer slide/ to its full 
value. 'J'he reason for this will be given later. The in- 
tensity of the constant current employed was ]’4 micro- 
amj)eres. Now on exciting the petiole by the previous 
stimulus, the conducting power was found to be greatly 
enhanc«‘d. The excitatory impulse now reached the end of 
the p(*ti<de, an<l caused six pairs of leaflets to fall. 

Tram^niiHHioii af e.n‘itatioH '‘Down-kilt' : Experiment o9 . — 
In continuatioti of tlu^ previous (‘Xptndment, the constant 
elect ri(! ciirr.*nt was revt^rsed, its directions laung now from 
left to right. Transmission of excitation was now in a 
down-hill dirt^ction. On applying the induction shock stimu- 
lus of the same intensity as before, the conducting power 
of tlie p(di()l(^ was found to be abolished, none of the 
leallets t‘xhibiting any sign of excitation. This modification 
of the conducting })Ower persists during the passage of tin? 
constant current. On cessation of the current the original 
conducting power is found to be restored. It will thus be 
st*en that tin* powtu- of conduction is capable of modifica- 
tion, and that the passage of an electric ctirrent of 
moderate intensity induci-s enhanced })ower of conduction 
in an ‘up-hill’ and di mi nish(*(l conductivity in a ‘down-hill* 
direction. 


ELEirriUi^ (a)NTK<)Ii of NEUVOrS IMPULSE IN ANIMALS. 

In my ‘Researches on Irritability of Plants’ I have 
shown how intimately connected are the various physio- 
logical reactions in the plant and in the animal, and I 
ventured to predict that the recognition of this unity of 
response in j)lant and animal will lead to further dis- 
coveries in physiology in general. This surmise has been 
fully justified, as will be seen in the following experi- 
ments carried out on the uerve-and-muscle preparation of a 
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frog. It is best io carry out the experiments witii vigor- 
ous specimens ; this ensures success, even in long e(mtinu(Ml 
t'xperiinents, whicli can then be repeated with unfailing 
certaint}’ for hours. It is also an advantage' to use a large 
frog for its relativt'ly great length of tin' nerve. 

Directire action of car rent on ro}i(hiction. of e.rcitation 
in a ncrvr-a7i(i-muHrfe preparafiott : K.rpcrimcnt 40, — A 
preparation was made with a length of the s})ine and two 
nerves leading to the muscles. The spi'cimen is supported 
in a suitable manner, and (‘lectric connections maih' with 
the toes, one for the entranct' and the otlier for exit of 
the constant current. The current thus I'nterc'd, say, by 

the left too ascended the musch' and wu'iit up the lu'rvt' 
on the left side, and desct'nded thn)ugh the otht*r nerve on 
the right side along the muscle and thence to tin* right 
toe. lleforc' the passage of the constant ('h'clric current 
the spinal nervt' was stimulated by an induction shock 
of definiti* intensity. Tlie luu'vous impulse was conducted 
by tlie two ni'i’ves, one to llie left and tin* other to tho' 
right, and cjvused a feeble twitch of the r(‘S})ect i vt' muscles. 
A feeble current of I’O micro-ampi'iN* was S(*nt along tlie 
nervi'-and-muscle circuit, ascending by (he left and »le- 
scending by the right si<le. It will be seen that t'xcita* 
tion initiated at the spim? is propagatcMl ‘against’ the 
electric current on (lie left sidi*, and ‘ wiiJi * the, current 
on the right side. On ri'petition of previous electric 
stimidus the effi'ct of directive action of cunauit 

was at once manifested by the left limb being thrown 
into a state of strong tetanic contraction, wlusreas the right 
limb remained quiescent. By changing the din'ction of 
the constant current the induced (mhancement of con- 

ductivity of the. nerve, was quickly transferred from tlu^ 
b'ft to the right side, the depre.ssion or arrest of conduc- 

tion being simultaneously transferriMl to the left side. 
Turning the reversing key one way or the other brought 
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nl>ont Hiipvft or >io>?-con<lucting state of the nerve, ami 
this coiKlition was maintained throughout the duration of 
the eurrent. 

I shall next <le8cril>e a more perfect method for obtain- 
ing (jiiantitative results hotli with plant and animal. In 
order to demonstrate the universality of the phenomenon, 
I lujxt used J/////O.S7/ jfUflira instead of Averrhody for 
e,xj)erinn‘nts on plants. 

For <hdm’mination of normal velocity of transmission 
of excitation ami the imluced variation of that velocity, 
I employtMl tlu^ automatic method of recording the velocity 
of transmission of excitation in Miniosciy where the excit- 
atory fall of the motile leaf gave a signal for the arrival 
of the excitation initiated at a distant ])oint. In this 
method tlie ri'spoivding leaf is attach(ul to a light lover, 
the writm* b<‘ing placed at right angles to it. The record 
is taktm on a smoked glass plate, which during its descent 
makes an instant am‘ous electric contact, in consequence 
of w'hich a stimulating shook is applied at a given point 
of the, petiole. A mark in the recordijig plate indiwites 
the moment of application of stimulus. After a definite 
interval tin* excitation is conducted to the r(‘sponding pul- 
vinus, when tin' (‘xcitatory fall of the leaf pulls the writer 
suvldenly to the left. From the curve traced in this manner 
the time-interval between the application of stimulus and 
the initiation of response can be found, and the normal 
rate of transmission of excitation through a given length 
of the conducting tissue deduced. The experiment is then 
repeated with an electric current flowing along the petiole 
with or against the direction of transmission of excitation. 
The records thus obtained enable us to determine the 
intluema' of the direction of the current on the rate of 
transmission, t shall presently describe the various diffi- 
cultirs which have to bo overcome before the method just 
indic ated can be reiulHretl practical. 
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The scope of iiivestiijfatiou will he best, describe I accord- 
ing^ to, the followiu<j: ])bin*: — 

PART J— INFLUENCE OF DIRECTION OF ELECTRIC CURRENT 
ON CONDUCTION OF EXCITATION IN PLANTS. 

(ieiKO'iil method of experiniimt. 

ElFect of feeble current on velocity of transmission id’ 
excitation ‘ up-hill ’ or ‘ down-hill.’ 

Determination of variation of conductivity by tlu* 
method of minimal stimulus and response. 

The after-ell ect of current. 

PART II. — INFLUENCE OF DIREtrPlON OF ELEtmtlC (UJRRENT 
ON CONDUCTION OF EXtUTATION IN ANIMAL NERVE. 

The method of experimmit. 

Variation of velocity of transmission under iln^ action 
of current: 

Variation in the intensity of transmitt(*'l excitation. 

PART J. -INFLUENCE OF DIREtrnoN OF (UIRRENT ON 
TRANSMISSION OF EXCITATION IN PLANT. 

THE METHOD OF EXPERIMENT. 

I may h<‘re say a f<nv words of tb * manner in which 
the period of transmission can be found from tln^ rt^cord 
^Civen by my Resonant Recorder, fully described in my 
previous paper. The writer attaidied to th(^ recordin^^ b‘ver 
of this instrument is maintained by eb'clrotnai'indic means 
in a state of to-and-fro vibration. 'Uhe iM'Cord thus con- 
sists of a series of dots made by the tappini^ writ(*r, 
wliich is tuned to vibrati^ at a dfdinite rat(‘, say, 10 times 
per second. In a particular case whose r(‘cord is ,i,dven in 
Curve 1 (Fi.LL 4G), indirect stimulus of electric stock was 
applie<l at a distance of la mm. from the responding 

* Foj* fullor Jiocoiiot fef’ Bo.-e The irirtueii<*e of Hrj/nodroriioiiH and Iletero- 
drcirious Elootric Current on TraMStni>M'on of Excitation in Plant aial Animal.’ 
Proc. R. S. B., Vol. 88, IlUr,. 


10 



116 


LIFK MOVEMENTS IN PLANTS 


pulvinuH. Th(‘r(i are 15 intervening dots between the 
moment of application of stimulus and the beginning of 
response ; the time-interval is tlnu’eforc 1*5 seconds. The 
latent ])oriod of the motile pulvinus is obtained from a 
record of direct srimulation ; the average value of this in 
summer is 0*1 secoiid. Ibmce the true period of trans- 
mission is 1*1 s(‘con<ls for a <listance of lo mm. The 

velocity det(u*mined in this particular cast' is therefore 10’7 
mm. per s(‘e,ond. 

Precaution has to la* taki‘n against another source of 
disturhaiua*, namely, tin* excitation eaus(*d hy tin* sudden 
e,(unmen(^ement or tlie cessation of the constant current. I 
hav(* sliown (dsewhere* that the sudden initiation or c 'Ssa- 

tion of the, mirrent induc(*s an (‘xcilatory rt'siction in the 

plant-tissiK^ similar to that in the animal tissue. This 

dilliculty is removcvi by tin* introduction of a sliding 
pott‘ntiometer, which allows the applioil electromotive force 
to be gradually incr(‘as(‘d from zero to the maximum or 
decroas(Ml from tln^ maximum to zero. 

^rin^ experinn'iital arrangement is diagramnnitically shown 
in Fig, 45. After attaching the petiole to the recording 
lover, iinlirect stimulus is applied, gein*rally speaking, at 
a distance of 15 mm. from the responding pulvinus. Stimu- 
lus of electric s])ock is applied in the usual manner, by 
means of a sliding iiiductiou coil. The intensity of tin* 
indin-tioii shock is adjusted by gradually changing the 
<lisiance between the secondary and the primary, till a 
minimally etVectivt* stimulus is found. In the study of the 
effect of direction of constant curront on conductivity, non- 
polarisahle electrodes make suita])le eh‘Ctric connections, 
one witli the stein and the other with the tip of a sub- 
petiole, at a distance from each other of about 95 mm. 
The point of stimulation and the responding pulvinus are 
thus situated at a considerable distance from the anode or 
the cathode, in the indifferent region in which there is no 

♦ * lUaiit Uespon.'C ’ ( liWi) ;• Irritability of Plants’ (1913). 
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polar variation of excitability. By means of a Pohl’s com- 
mutator or reverser, the constant current can he maintained 
either “with” or “against” the directii»n of transmission 
of excitation. The transmission in the former cast* is 



Fig, 45. — Complete apparatus for investigation of the variation of conduct 
ing power in Atimom. A, storage cell; S, potentiometer slide, which, by alternate 
movement to right or left, continuously increases or ilecrcases the applied 
B. M. F. ; K, switch key for putting cii.'rent “on” and “off” without variation 
of resistance ; B, E', electrodes of induction coil for stimulation ; C, choking coil ; 
Ct, micro-am meter 
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‘Mowii-hill,” ill the latter case “up-hill.” Electrical 

conne.cticns are so ;trrall^,^Ml that when the commutator is 
lilted to th(i ri^dit, the transmission is down-hill, when tilted 
to the left, up-liill. 

The (ihictrieal resistance offered hy the l)5mni. len^dh 
of stem and petiohi will he from two to three million ohms. 
Tlie intmisity of Th(‘ conslant curient (lowing through the 
plant can lx* read hy unplugging the key which short- 
<rir(mils (Ins micro-amnnd(‘r (h Tlu^ choking coil fy prevents 
the altmmating iinluction c irrcnt from flowing into the 
polarising circuit and ca.ising direci stimulation of the 
pnlvinus. 

Hefort^ d('scrihing lie* experimontal results, it is as well 
to enter briefly into.rh(‘. ((U(‘Stion of thi^ external indication 
hy which tln^ (jonducling power may hi^ gauged. Change 
of e,onducti vify may lx* «‘xp<‘(ged to give rise to a variation 

in the rale of propagation or to a variation in the, magni- 

hnh^ of the 3X(titatory inipiilsi^ that is trjinsmitted. Thus 
we liavi^ S(*veral mt'lhods at mir disjiosal for d(*tt'rmining 
tln^ imluced variation of conductivity. In the first jilace 
the variation of conductivity may he measured hy the in- 
duced change in tin* velocity of transmission of excitation. 
In lln^ aocond place*, the transmitted c‘(feot of a suh-maximal 
stimulus will give rise to enhanced or diminisluel amplitude 
ot mec.iiaiiical response, depending on the increUvSe or 

<lee-roas(* of conductivity hrought about hy the directive 

action of the current. And, linally, tin* enhanCi*ment or 
deprt‘ssi<m of condtictivity may lx* demonst ratixl hy the 
inelfeeti vel\ tiMnsmitted stimulus becoming (*IVective, or the 
elfi‘CLivt*ly trausmitt!*d sdmulus becoming inelfective. 

K.rrhisinn nf f hr fartnr <>/’ Krrihihi/Utj . — The object of 
the enquiry being the pure effect of variation of conduc- 
tivit>. we have to assare ourselves that under the particular 
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conditions of the experiment the complicating^ factor of 
polar Variation of excitability is eliminated. It is to be 
remembered that excitatory transmission in takes 

place by means of a certain comlucting strand of tissue 
which runs throiii^li tlie stem and the petioh*. In the 
experiment to bi‘ described, the constant ciiriamt enters by 
the lip of till' petiole and leaves by the stem, or vire versa . 
the length of tin' iiitrapolar region bein^ 9.^1 mm. Tin* 
point of application of stimulus on the petiole is 40 mm. 
from the electrode at the tip of the leaf. The responding 
pulvinus is also at the same distance from tln^ id(*ctrode 
on the stem. The point of stimulation and region of re- 
sponse are thus at tin* relatively great distanc<- of 40 mm. 
from either the amah? or the cathode, and may tlu*r(d*ore be 
regarded as situated in the iu<lifr(‘rent rt'gion. This is 
found to be viu’ific'd in actual (cxpc'rinnmts. 


EEFEtrrS OF IHIlEtriMON OF (UJURENT ON VELOCITY OF 
TRANSMISSION. > 

A v(*ry convincing method of cleinonsl rating the iii- 
llueiicu of electric current on con<luctivity consists i»i the 
determination of change's i minced in tin* V(docity of trans- 
mission by the directive action of tln^ current. For this 
purpose we have to tind out the true lime retjuired by the 
(‘xcitation to trav(d through a givi'it length of the con- 
ducting tissues (1) in the abstmee of the current, (2) ‘ against L 
and (il) ‘with’ the direction of the curr(*nt. The true time 
is obtained by substracting the latent pmdod of the pulvinus 
from the observi'd interval between the stimulus and re- 
sponse. Now the latent period may not remain constant, 
but undergo change* undcir tln^ aedion of the polarising 
current. It has been shown that the excitability of the 
pulvinus does not undergo any change when it is situat(*d 
in the middh* or indifVert*nt region. Tlie following rt'sults 
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Hhow that under parallel conditions the latent perio<i also 
remains unafrect(3d ; — 


TAIILK V.— HIIOWINU HIK KKFK<T OK ELKCTRIO CURRENT ON THE LATENT 

I'KRIOl). 


S|»eciinenH, 


LaUMit |»*ri()il im(l*‘r normal comlition 

„ cmTciii from rif'ht to loft. 
,, enrrt'Mt from l«*ft to rij'bt. 


I. ! II. 


I. ! 

1 

II. 

sec. 1 

aec. 

010 i 

0-09 

Oli 

010 

0*01) 

001) 


Tlie results ol! exiterinients with two different specimens 
t'iven al)(tve show that a current applied under the given 
conditions lias praciictiUy no effect on the latent period, 
the slight variation being of the order of one-hundredtli 
part of a second, T!\is is (juite negligible when the total 
period observtul for transmission is, as in the following 
cases, e(j,ual to netirly 2 s«‘Conds. 

Induced rhuiujes in the Vdocitu of Transmission , — Having 
found that the average value of the latent period in sum- 
mer is (I’l second, we next proceed to determine the in- 
tluence of the direction of curniiit on velocity. 

hU'itcr intent IL — As a rule, stimulus of induction shock was 
applie«l in this and in the following experiments on the petiole 
at a distanci? of If) mm. from the responding pulviniis. The 
recording writer was tuned to 10 vibrations per second ; the 
space between two succeeding dots, therefore, represents a 
time-interval of 0*1 second. The middle record, N in Fig. 46, 
is the normal. There are 17 spaces between the application 
of stimulus and the beginning of response. The total time 
is therefore 1*7 seconds, and by subtracting from it the latent 
period of 01 second we obtain the true time, 1*6 seconds. 
The normal velocity is fouml by dividing the distance 15 
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inm. by the true interval 1*6 seconds. Thus V = In/TG = 
9*4 mm. per second. Wo shall next consider the ellect of 
current in modifying the normal velocity. The uppermost 
record (1) in Fig. 4(> was taken umler the action of an 



Fkj. Uu -Ueconl !^lin\vln«4 ciiliaiiceiiKMit, of velocity of transinlrtsioii “up-hill ’ or 
the cumMit (uppermost curvet ami retardsitiou {)f velocity “ ilowu-hili ” or 
with the current (lov'ost curve). N, normal rcconl in the ahsence of current 
imlicatea “up-hill" ami “«{own-hiH” transmisMion. 


‘ up-hill,’ or ‘against’ currtmt of tlm inbmsity of 1*4 micro- 
amperes. It will be seen that the time interval is reduced 
from 1*7 seconds to L*1 seconds; making allowanct* for Un* 
latent period, tint velocity of transmission under ‘up-hill’ 
current Vj =15/1*3 = 11’5 mm. j)er second. In the lowest 
record (ii) we note the etlect of ‘down-hill’ current, the 
time-interval between stimulus and rt'sponse Ixung proion^ea 
to 1*95 seconds and the velocity reduced to S*l mm. })er 
second. The conclusion arrived at from this mechanical 
mode of investigation is thus identical with that derived 
from the electric method of conductivity balance referred 
to previously. 
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That is to say, the pfOinagp of a feeble current modi- 
firs rofidurti t'Hjj for r.rritdiioN ut ft sefectire viunuer.' Con- 
(iurtiriffi is eohftured aj'aiiist, (Did diinitiished witli, the 
(h'rerfiftn of thr furrrot. 

miiiiiirimn curr<Mit which ioduct'S a perceptible chan^<" 
of conductivity varies soiiiewhat in different specinieiiH. 
'rii(^ av(*rat'(^ value* of this iiiiiiiinal current in autumn is 
1*1 inicroainpores. The efVect of even a fetibler current 
may hi* deUect(*d l)y tun ploy ini' ti test stimulus which is 
l)ar(*ly ejl*i‘(*-ti ve*. 


TAIUJ': VI.— snow INC KFKKCTS of FI'-IIILL AN!) eOWN-lllLL ei’UHKN'J’S OF 


FKKiJI.K INI'IONSIIV <)\ 

I*K1{10I» OF TRANSMISSION 

TUROCOII 15 MM. 

NmimImt. 

Irit.fi).sity of (.•iiniMiJ 

ill ! 

for np-}iill I 

Period for do vvn-hill 

1 

iiiino.nijpfi-c'-. 


tin MS ini ''‘ion. 

trnnsnii^sinn^ 

1 

It 

i 

I 1 tout ii'i of i\ s(*contl 

III lonllis of :> !-fJcond 

2 

1 1 


IS 

In 


1 C 


1!' 

, Anoi'^l. 

1 

1 7 

! 

1" ” 

1 H tcntlis of !i sooond. 


Ifavinj: demoiisl rated tie* ellect of direction of current 
on the V(‘locity ot transmission, 1 shall next describe other 
mi'thods by which induced variations of conductivity may 
1)0 exhibited. 


DETEllMI NATION OF VAUFATIOX OF CON DUCTtVlTY BY 
METHOD OF MINIMAL STIMI LUS AND RESPONSE. 

In this inethoil wi* employ a minimal stimulus, the 
transmitted etfict of which under normal conditions gives 
rise to a fetd)h‘ response. If tlie passage of a current 
in a given direction enhances conductivity, then the 
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intensity of transmitted excitation will also Ue enhanced ; 
the minimal resi)onst^ will teinl to l)ec(>im‘ maximal. 
Or t^xcitation which had hitherto been inetVectix ely trans 
mitted will no\v become eflectively transmitted. (^)n- 
versely, depression of conductivity wdll result in a diminu- 
tion or abolition (»f response. We may use ji siujj^le 
break-shock of sutlicient intensity as the t(‘st stimulus. It is, 
however, l)(3tter to miiploy tin* additivt* e(h*(d ol’ a delinite 
number of finable make-an»l -break shocks. 

We may a^Min (*mploy additive elVcud of a didiiiitt* 
number of induciion slnudvs, the alti‘rnatiu^^ tdi‘im‘nts of 
which art* exactly <*(iual and opposilt^. This is secured 
bj’ causiui^ rapid r(‘vtu-sals of the primary cum‘nt ])y 
means of a rotatini^ commutator. Tin* succt*ssivt* induction 
shocks of the secondary coil can thus h<^ r(‘ndered (Exactly 
equal and opi)ositt^. 

Kxpeiinirnt i'J, — Workint^ in this way, it is found that 
the transiiiittt‘d excitation aj^Minst tin* dirt*clio]i of ciirnuit 
ht*comes e(f(*ctiv(‘ or (‘uhanced undt‘r ‘up-hill’ eiirrt^nt. A 
cuiTonr, tlowin^^ with the direction of transmission, on tin* 
other hand, diminislies the intt'iisity of transniittt*d t^xcitation 
or blocks it altoj^ether. 

HenC(*forth it would In* conveni(*nt to distin^niish currents 
in tln^ two directions : tin* curiauu in tin* direction of trans- 
mission will he distinguished as //e///f>r//'o///<n/.s*, and ai'ainst 
the tlir(*ction of transmission as IfpfmtdrtnnoHs. 


AFTER-KFFE(’TS OF ROMODROMOUS AND II FTKHODUOMOIJS 

CTHH ENTS. 

The passaj^e of a current ihronj^h a condnciin^ tissue in 
a j'iveii ilirection caus(*s, as we have seen, an (uihanced 
conductivity in an opposite direction. We may sup]>ose this 
to he brouf'ht about l>y a particular mol(*cular arranj^(*nn‘nt 
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induced by the current, which assisted the propa^'ation of 
the excitatory diHturl)ance in a selected direction. On the 
cessation of tliis inducing force, there may he a rebound 
and a temporary reversal of previous molecular arrange- 
ment, with concomitant reversal of the conductivity varia- 
tion. The imm(‘diate after-effect of a current flowing in a 
particular direction on conductivity is likely to be a tran- 
siejit ciiange, the sign of which would be opposite to that 
of the direct eir<*ct. The after-effect of a heterodromous 
current Tuay thus be a temporary depression, that of a 
lioinodromoiis current, a temporary enhancement of con- 
ductivity. 



17 . I'lii'ct :in<l :i!'t of hrifroilHiinon.-s ami liomodromoiis ciDTents. 
t\Nt» rfcoid.*^, N, X, normal. <'i))iancod tr;ni.'^mission under lieterodro- 
moUH eMireiit ; ane-'l of eunductiitn a^^ an after-elTeet of beierudruinou'^ 
i iirrent. No.\t nemd -liows arrest under liomodroinous current. Last 
i.-n.rd > slioA.s oidjanceTiienl of ctimluetioji jr,vater tljan Jionna), uh an after- 
elVec^t of homodroiiioii.. eiirrent. (Dottetl arrow indicates tlie after-etfect ojj 
t'cs.salion of a Lriven eunen!. t lidinodroinons and | heterodromous eiirrenl). 

K.r/)erimr/it /V. — This inference will be found full)^ 
justitie<l in tlu‘ following e.xperiment : — The first two re- 
sponses are Mormal, afti*r which the heterodromous current 
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gave rise to an enhanced response. The depressing after- 
effect of a heterodromous current renderetl the next re- 
sponse ineffective.'- The following record taken during the 
passage of the hoinodromous current exhibited an a])olition 
of response due to induced depres-?ion of conductivity. 
Finally, the after-effect of the hoinodromous current is seen 
to be a response larger than the normal (Fig. 47). These 
experiments show that the after-effect of cessation of a 
current in a given direction is a transhuit conductivity 
variation, of which the sign is ojipositc to tliat induced by 
the continuation of the current. 

PART II — INFLUENCE OF DIRECTION OF ELECTRIC (MTRRENT 

ON CONDUCTION OF EXCITATION IN ANIMAL NERVE. 

I shall now tak(‘ U}) tiu* question whether an electric 
current induct'd any selt'ctivt' variation of conductivity in 
the animal nerve, similar to that inductul in tln^ comlucd- 
ing tissm* of tin* plant. 

THE METHOD OF EXPERIMENT. 

In the experiments which I am aliout to <l(‘scribe, 
arrangements were specially ma<le so that (1) tlu^ excita- 
tion had not to traverse the jiolar n‘gion, and (2) the 
point of stimulation was at a relatively gri'at distance 
from either pole. Tlie fulfilmi'nt of tint latter condition 
ensured the point of stimidalion being placed at the 
neutral region. 

In th(i choice? of (‘xperiimuital specimens I was fortu- 
nate enough to secure frogs of unusually large size, locally 
known as “ golden frogs ” {Nana tigrina). A preparation 
was made of the spine, the attached nerve, the muscle 
and the tendon. The eh'Ctrodes for constant current wiire 
applied at the extreme ends, on the spim? and on the 
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tcniloii (I-'ii'. l.S). Till' followiii!' are the measnrements, in 
a lypiciil ease, of flm ililfereiit jiarts of the prepaTafion. 



I'k;. is -I'lxiuM iiiiciital :»rraiiLr<'tii<‘iii. for stihly of variation of (•<)ii(l'’ctivity of 
iH’rvf liN ilic (iii'i'ft ivi' iictinn tif :m flfftrio (Mirrcnt n *<’, iu*i vn ; S, iioint of 
•ipi'licat i"M nf -1 iiir.il 11": in tin* niiiMIt* t>r inilifVrrtnit rogion. 

liOU^nh ol' s|)iti<‘ tlu* (‘loctriule aiid the norvo 

= Him.; long[tli of m*rvo=l)() mm.; lojij'th of mHSclo = 
oO mm.; length of toii(lon=^5() mm, Stimiilns is applioil 
ill all cases on the ncrv.*, miilwaj' hctwiam tho two elec- 
trodes ihis point lieiieg at a minimum distance of 100 mm. 
from t‘iliier tdecirode. Tlit‘ point of siimnlatioii is, there- 
fore, situati'd at an indilferent reofion. 

# 

(Jr»*at precautions have to be taken to ^uard aj^aiiist 
the leaka^u* of mirrmit. M’lie ^nmeral arrangunnent for the 
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(‘xperiment on aniimil iiorvo is similar to that (‘luployoil 
for correspoudiiiL? iiivestij;atioiis on tho p!au(. The 

choking coil is usetl to prevent the stimulating indiicticm 
current from getting round th“ cirtouit of constant curnmt. 
The specimen is hold on an ehonitt' support, and evt'ry 
part of the apparatus insulattMl with tin' utmost care. 

VARIATION OF VELOCITY OF TRANSMISSION. 

In the case of the conducting tissue* of tin* plant a 
very striking proof of tho intliu'nce of tin* din'edion of cur- 
rent on conductivity was alfordml hy tin* ienluced varia- 
tion of velocity of transmission. Keiually striking is tho 
result which I have ohtaiin‘d with tin* m‘rve of tin* frog. 

Krpf>rimr}it 44. — The ox])(‘rinn*n{s d(*scril)(‘«i Ix'low wore* 
carried out eluring the cold weatln*!*. Tho following n*- 
e!ords (Fig. 19), ol)taine*d hy nn‘ans of tho pe'inhiltim myo- 
graph, exhibit tin* e‘ll‘i*ct of thi^ dire*e*dioii of emrre‘nt e)n 



Pkj, IP — Effect of h*.‘t<M-(j<lrntno.is :iml linnifxlrotnous fnrn ;ii in iii<liiclti,i; vari.it ion 
in velocity of transinjshion tlirou.irli nerve. N, ri(ntiri] : n|ti»iT n-eorW sIk.vm- 

cnhanceinent, and lower re^’ord retardation of vidority of i i;ins!ni:-.-ion nndor 
heterodronions and lioriiodronn)n'i enrrcntr, ivoly. 

the perioel of transmission through a giv(*n hmgth of ne'rve*. 
The* latent period of muscle !)oing constant, the* variations 
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in th(i records (exhibit changed rates of conduction. The 
middle record is the normal, in the absence of any c^irrent. 
The uppi^r record, denoted by the left-hand arrow, shows 
the action of a heterodromous current in shortening the 
I>eriod of transmission and thus enhancing the velocity 
al)ove the normal rate. The low(!r record, denoted by 
the, right-hand arrow, e,xhil)its the etfect of a homodrom- 
ouH current in retar<li ng the vadncity , below the normal 
rate. I find tint a very f(ieble heterodromous current is 
enough lo induc(^ a c-onsiderable increase of velocity, which 
soon reacdies a limit. For inducing rtdardation of velocity, a 
relatively strong homodromoiis current is necessary. I give 
Ixdow a tal)l(‘ showing th(‘ rt'sulls of several (‘xperimpiits. 


•rAIMaC V. —KKI' Ke r <»K lIKI KKOliHUMors AND IIOMODROMOIJS CURItKNT OF 
KKKlllJ*: iVrKNSITV ON VKLO(;HA OF TRANSMISSION. 
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VARIATION OF INTENSITY OF TRANSMITTED EXCITATION 
UNDER HETERODROMOUS AND HOMODROMOUS CURRENTS. 

Tu the next methotl of iiivostigation, the induced varia- 
tion of intensity of transmitted excitation is inferred from 
the varying amplitiuh' of response of the terminal muscle, 
d'esting stimulus of sub-maximal intensity is applied at the 
middle of the nerve, where the constant current induces no 
variation of excitability. Htimulation is effected either by 
single break-shock or by tin' suminated effects of a definite 
number of equi-aliernating shocks, or by chemical stimulation 
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Experiment 45. — Under the action of feeble heteroilroiu- 
ous current the transmitted excitation was always enhanc- 
ed, whatever be the form of stimulation. This is seen 
illustrated in Fig. 50. Ilomodromoiis current on th** other 
hand inhibited or blocked excitation (Fig. 51). 



Frvi. ;')(), -IncUVct ivf'ly t ranMuittfd sah-tctamis bec'oininj^ cfrccl iv<* iUMlrr ladon)- 
(IromoMH cunvnt. denoted by d«)\vn-|M)intii)j' arrow. 


due tit varialutn of ExciUihiliflij of Mim'le , — ^ 
In experiments with the plant, there was the unusual 
advantage in having both tin* point of stimulation and th(‘ 
responding motih* organ in tlu^ middh* or indiirerent region- 
Unfortunately this i<leally perfect comlition cannot be, 
secured in experiments with the m^rve-and-musclo ])repara- 
tion of the frog. It is true that the point of stimulation 
in this case is chosen to lie on the m^rve at the middio 
or indilferent region. But Ihe. responding muscle is at 
one end, not very distant from the ebnitrode applied on 
the tendon. It is, therefore, nect*sKary to find out by 
separate experiments any variation of excitability that 
might be induced in the muscle by the proximity of either 
the anode or the cathode, an<l make allowance, for such 
variation in interpreting the results obtained from investi- 
gations on variation of conductivity. 
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III tin* ariMii^oiir'ut employed, the hetro- 

<lr()moii'! cjiriN-nt (d)(aiii»M| ]>y making' the electrode on 
the spine cathode and that fin the tendon anode. The 
depn‘ssin^^' inflni'nce of iln‘ anode in this case may he 
(?x})e(rted to lower, fo a c ndain extent, the normal excita- 
bility of tlici respondin*^' muschj. (kjnverscdy, with homo, 
dromons curnnu, tlu^ tendon is made the cathode and under 
its infln(*nc‘ the muscl(‘ mif^ht have its excitability laised 
above tln^ normal. These anticijiations are fully supported 
by n^Hults of experiments. vSiib-maximal stimulus of equi- 
alternat in^' imlnciion shock was dirindly applied to the 
musclt^ and records taken of (/) response under normal condi- 
tion vvithoiit any eairreiit, (?) responst‘ under hetm'odromoiis 
currmit, the tmidon heinj' the ano(h‘, and (•>) rospons(‘ 
mnler homodromous (uirrent, the tendon being now made 
the cathode, li was thus found that inidm hetevodromous 
cui'nmt the (‘Xidtahility cd* tin* musch* was dt^pressed, and 
umler homodromous carrmit the excitability was enhanced. 

TMit^ elVcc,t of cainaMit on responsi‘ to diiect stimulation 
is dins opposite to that on response to Iransinitled e.xcita- 
tiou, as will sum in the following Table. 

'C.MK.r. \ III. — iNri.rKNcK ok ihuscudx (»i'' eniiiFA'i' ON iniir.eT .wn 
lUVNSMin'KD KKKKi TS OK Ml M IT (..VTleN. 

I lin'd ion of (Mil UMil . I 'I’l lod oxcil ;ii i(»n. Din'd stimulation 

; ■ - I 

nld«'^o(lr^»mou^ ('III fi'iit ... I’inliancod r»'S|>on!'C ... Dc'un'^sod r('sp(insc J 

1 1 oino'lroino'is ran dll ... Dd■l^'-!^-^•d rr.'poiisr ' I'iiili.'iiu'rd rrHpom-c. ! 

The pa.ssage of a current, therefore, indiici*s opposing 
eflecls on the comlnctivity of ihe nerve and the excitabil- 
ity of the muscle, the resulting response being due to 
their difl'ereutial actions. Ihider heterodronious current a 
more inleiist' excitation is transmitted along the nerve, on 
account ot induced enhancemeiir of conductivity. Hut this 
inta'iise exeitatiou linds the responding muscle in a statt? 
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of (lopresseil excitability. In spite of this the resulting 
response is enhanced (Fig. 50). The tuihanceinent of con- 
duction under heterodromous current is, in reality, much 
greater than is indicated in the record. Similarly, under 
hoinodroinous current the depression of conduction in the 
nerve may be so great as to cause even an abolition of 
response, in spite of the enhanced excitability of the 
muscle (Fig. ol). The actual efl'ects of current on conduc- 
tivity are, thus, far in excess of what are indicated in the 
records. 

AFTER-EFFECTS OF HETERODROMOUS AND HOMODROMOUS 

CURRENTS. 

On tln> cessation of a current tlun*e is induced in the 
plant-tissue a transicmt conductivity change of opposite 
sign to that induced by the direct current (^;/‘. K.rpt, 43), 
The same I iiinl lo 1)0 th(‘ case as regards the after-en’ect 
of c iiTent on conductivity change in animal nm*ve. Of 
this I only give a typical experiimmt of th(‘ direct and 
after- (dfect of lioniodroinous current on salt-tidaiiiis. 

46 . — In ibis experinnmt sulTicimit length of 
time was allowed to (dapse after the a[)pIication of t]n‘ salt 



l-'iii. 51 . — Direot, uiul ot hoinodionDUrt ciirnini,. TraiiMnittcd ex- 

ciUilioii (-iail-teUinus T,) arrested under hornodroinoiis current denoted by up-point- 
ing arrow; on cca^ation ol' current represented by dotted line there is a tran- 
sient enhancement above tue normal. 
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oti the nerve, so that the muscle, in response to the trans- 
mitteil (‘xcitation, exhil)ite<l an incomplete tetanus T.^ The 
liornodroinous ciiri’knit was next aj)plie 1, with thi‘ result of 
iiulucing a comj)let(* block of comluction, with the 
concomitant (lisap[)earance of tetanus. Tlie liomodroinous 
(uirrent was i,M'a<lually re(iu<MMl to z(;ro hy the appro[>i'iale 
moveninit of tie* [)Oientit)in?tei' sliiU*. Tin* afler-etfect of 
lionKMlromous ciirrtuit is now seen in the transient enhance- 
ment of transinittel excitation, which lastkal for in^arly 
10 st‘con{Is. After this the normal conducti vity was restored. 
Ih^petition <d‘ the I'Xperiinent l^mvc similar results (Ki<^^ 51 ). 

'file rt'sults that hav<‘ been itiven art' only typical of 
a very lar^^n* ntimlM*r, which invaritibly supported the 
charatdoristie- [)henom<ma that Itavt^ bt'en dt'scribed. 

It will thus bt' • stM'u that with ftu'bh' or mod(*rato 
cairrtmt, eondiieJi vily is (*nh;inct‘(l a,i,niinst the dirt'ction 
of tht‘ currt'ui and d<‘pri‘SS'‘(l or blocked witli tlu‘ tlirection 
of the mirp'iit. rnder strom^ current the normal t'lfect is 
liabh‘ to tin<h‘ri,n) a rt'versal. 

It has thus bt'.'ii shown tluit a ]>(‘rfect partillelism (nxisls 
in tin* e,ondue.t i N it y \ariation imluced in tin) ])lant and in 
the animal by the directivi' tictioji t>f the current. Nt) 
explanation could be re^artled as Satisfactory which is not 
tip[)licabh* to both ctises. Now with tlu^ phint \vv. are 
ttl)ie. to arran.L^e the exp<‘riment;il coinlition in such a w;iy 
that the factor of varitition of i‘xcitai)ility is compb't(‘ly 
eliinimited. The various I'ffects described about the j)lant- 
tissin* jiri‘, tln'in'fore, due entirely to variation of conduc- 
tivity. Tie* parallel phenomena obs(*rved in tlie case of 
transmission of excitation in the animal nerve must, there- 
fore, l)i‘ due to the induced chanj^e of conductivity. 


Tlie action of an electrical current in inducinj,^ varia- 
tion of conductivity may be enuuciatml under the followin*^ 
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laws, whicli ar(> ejiually api)licai)lo to the eoiuliictini? 
issue of the plant and tlie nervt* of tin* animal : — 

LAWS OF VARIATION OF NERVOUS (U)N I)U(^Tl() N UNDER 
THE ACTIOS OF ELEC'TRIC^ (UTRRENTS. 

1. TiIK I’ASSAeK OK A < Ul{KKN’r INIH'CKS A VAKIAl’loN OK CONniM’ri- 

VI TV, I'llK KKKK( r DKl’KMilNO 0\ TllK DlUKi I ION AND IN’l'KNSl I V 
OF craRKN'i'. 

2. Uni>kii kkkjjM': i.\ti:nsi ia. mki KiMM'KOMofs « kiii{i;n r ka'iiancks, and 

iio:modi{DMoits cruKKN’r |)F 1 ’Ki:ssks, rm-: oondiio rio\ ok KXcriA- 
TION. 

TilF AK riai-KKKKor (M’’ A KKiaa-K OKUKFN'L’ is a IllVXSlKNT CONDFC- 
TIVITV VVIUA'I’ION, rilF .slON' «'.K WliDIl IS oi’l’OSI'rK I'lIAT 
INDUOKD DI’IONO rilK < ON Tl N D ATI ON OK OlJUKKN'r. 


SUMMARY. 

ddie variation of eond iieli\ it y indinaMl hy I ho direetivo 
action of (Mirrcmt has l)(‘on i nv(‘st i.i(al (id hy two dilftnaint 
methods : — 

(1) Tlie imdiiod in whicdi th(‘ normal s[)(mm 1 and its 

indiic(‘<l variation aro an t oinat icail ly r(‘cord(‘d ; 

(2) That in which I ho variation in th(‘ int«iiisity of 

transmit led excitations is ij;an;^^id hy tin* varyinj' 
aniplit tid(‘S of rosnltiof^ r{‘Spons(‘S. 

The ^r(*at dllUculty arisin.i' from loaka^^e of the, (‘X(;it- 
in^ induction currjuit into the polarising' circuit was 
successfully ovc'rvauno hy the int(irposition of a choking 
coil. 

Thii following' summaris(‘s the (dldicts of direction and 
intensity of an electric, current, <m transmission' of excit- 
ation throne'll the conduct ini' tissue of tlub ]>lant. 

The Vidocity of transmission is (iiihanc«Ml aj'ainst tin; 
direction of a feehle current, and retarded in the direction 
of the current. 


llA 
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F(*(‘l)l4^ hctorodromoiiH current enhances conductivity, 
liomodroinoiis curnuit, on the otlicr hand, depresses it. 

Inen'»-cr.ively transinittejl excitation l)ecomes eflectively 
transniitted under heterodronioiis current. Effectively trans- 
mitted (‘xcitation, on the, other hand, becomes ineffectively 
iransmitted under the action of hoinodroinous current. 

Tlie aft<‘r-(df4‘Ct of* a current is a transient conductivity 
(dian^'^^ tin* si^n of which is opposite to that induced 
durin;» lln^ passage of current. The after-effect of a lietero- 
<lromous currf*.nt is, thus, a transient depression, that of 
homodromoiis current, a transient enhancement of conduct- 
ivity. 

cliaract(u*istic variations of conductivity induced in 
animal nerv(^ by tin* ^lirection and intensity of current an^ 
in i'vory way similar to those induced in the conducting 
tissue of llie plant. 

'fhesi^ various (df(*cts are dcmioristrated by the employ- 
ment (d’ not ()n(‘, l)ut various kinds of ti'sting stimulus, 
such as the excitation cauS‘*{l (1) ])y a single break- 
induction shock or (2) by a series of cqui-altermlting 
tetanising shocks or (.’>) hy chemical stimulation. 



VIU.- EFFECT OF INDIRECT STIMCJAIS ON PUEVI- 
NATED ORGANS 


J^!l 

Sill J. C. Bosi:, 
Assisted ht/ 


GUilUPRASANNA DaS, h.M.S. 

Till] h‘ar <)1' Mifnosa pudica uiidor^^oos an almoHt 
iiisUxiitaneous fall when the stimulus ivS applied directly on 
the piilvimis which is the r(‘Sp()iidin^' or^.iii. ddie latent 
period, ij\y the interval between the ajiplication of stiiniilus^ 
and the resultiiii? response is about 0*1 second. Indirect 
stiniiilns, application of stimulus at a distanci* from tln^ 
pulvinus, also causes a fall of the leaf ; Imt a Jon/^mr 
interval will elapse between the incidence of stimulus and 
the response ; for it will take a didinitc^ timii for tlni 
excitation to be conducted through tin* intervening tissue. 

I have already shown that this conducti(»n of (excitation 
in ])la!it is analogous to the transmission of iktvous 
impulse in animal. 

The power of conduction varii^s wiihdy in dilfi'pent 
plants. In the petiole of Mi)n(}s(i pudica tin' velocity may 
be as high as dO inin. per second. In the stem the 
velocity is considerably less, i.c,^ about G mm. per 
second in the longitudinal direction ; but conduction across 
the stem is a very much slow(U' process. In lln^ pidiole of 



130 


LIFE MOVEMENTS IN PLANTS 


AvprrhKi the lon^^itipliiiul velocity is of the order of 1 mm. 
})or second. ' 

DUAL UIIAUACTHR OF TlfE TRANSMITTED IMPULSE. 

Tilt! ri‘(;()rd of tli»‘ transmitted eirtad of stimulus is found 
to exhibit a rmiiarkabh' jn’eliminary variation. Tiiis was 
dett!cted l)y my dtdit.'ate r(*cord‘rs, which ^ave nia^milica- 
tions from fifty to InimlnMl limes. I slnill a detailed 

account of a typical experiment (*arrie<l out with Arevt'koa 
rarmnhdhty wliitdi will brim^ out clearly tlu! characteristic 
efr(!Cts of lndiri‘ct Stimulus. 

PJ.rprrinifUi/ /?. — Stimulus of eh^ctric shock a])])lied at a 
[mint on th() lon^^ p*tiolo of Arerrho/i causi's successive fall 
of pairs of b alhds. In the (*xperiment to be described one 



Fui - KlVn't of Stiumlus on loaflot of Avcrrlti^a curamholft. Stimu- 

lus was appllotl at I ho short vortical lino. Succos^ivo dots at intorvala of 
I'lie socoiul. 'tot t lie /;(».* iO'rt' response pi-ecediiiiJ the m^gative. 
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of the leutlets of the plant was attaelied to tlie recorder. 
Stimiifiis was appHe<l at a distance of 50 min. Tlu' success- 
ive dots in tlie record are at intervals of a second It 
will he noticed that two distinct impulses — a and 

a nrgdf iue—wovk^ generated by tin* action of Indirect Sti- 
iiiulns. The positive impulse reaclu'd tin* respoiulinjj; or^an 
aftm- 1*5 s*C()nd and caused an erectilt* mov(‘im*,nt. The 
velocity of the positive* impnls(* in tin* presi'ut casi* is 33 
mm. pi'i* S(‘e(md. d'ln* normal excitatory ne^ativi* impidsi^ 
ri'ached tin* inotih* orujan seconds after tin* application 

of stimulus, and caused a very rapi<l fall of the h*atlet, the 
fall l)eint( far mort^ ])ronounci‘d than tin* positive* moveun*nl 
of t*rectiou fFi^^ 52). In this and in all sul)See|iu‘nf rt^cords, 
the positive and ne<^uitivt* response's ollor a ^o'eat contrast. 
The movement in n'sponse* te> positive* reaction is slow, 

whereas that dm^ to in^^ative re'action is v(*ry ahrut>t, almost 
‘explosive*,’ the successive dots bein.t' now ve*ry wiehi apart. 
As re^uir Is tin* vedocity of impulse tlui redation is rev(*rstMl, 
tin* pe»sitive bein<^^ tin* ([ui(d«‘r of tln^ iwe). In tln^^ 

present casee, the v(*locity of tin; lexcitafeery impulse 

is I’l mm. ]K*r se*(;onel, as against 3)3 mm. ed* tin* j/anilivr 
impuls *. 

The ncijfative impulse is du(^ to the^ compai'ati vely slow 
pre)[)a%Mtie)n of the e*xcitatory protoplasmic; (;han^n*, which 
hrin^s about a diminution of turi^or in the; pulvinus and 
fail (d! the re*spondin<j: U'allot. The eri'Ctile move*me‘nt of 
the; h‘afle*t by the positive; impulse must he; dm; to an 
increase of tiir.i^or, hrou.i^lit on e;viele*ntly, hy the* feercin^' 
in of water. Tliis pre*su j»pos.*s a forcing e)ut of water some- 
wheu’e e;Ise, pre)l)al)ly at the* point eif applicatie)n e)f stimulus. 
Il may he sup[)e)sed that an active* contraotie)n e)Ccurre;(l 
in plant cells iinde*r elire*ct stimulus, in (;e)nse*(|uence; of 
which wate*r was fe)rce;el oui ^ivini,^ I’ise; te) a hyelraulic 
W’avo. On thi:; suppositie)n the; positive impulse is to be* 
regardeel as hyelro-me;clianicai. I have, however, not yet 
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been al^le to devise a direct experimental test to settle the 
question. • ' 

EFFECT OF DISTANCE OF APPLICATION OF STIMULUS. 

Ill th(j last experiment th(‘ stimulus was applied at the 
moderate distance of oO mm. Let us now consider the 
respective etlects, iirst, of an increase, and second, of a 
decrease of the interveuinj^ distance. In a tissue whose 
conductiiif^ power is not ^^r(‘at, the excitatory impulse is 
weakiUKMl, even to extinction in transmission through a lon^* 
diHtaiiC(‘. 'J’hus tlu‘ lu^s'ative impulse may fail to reach 
th(‘ responding or^nin, when tln^ stimulus is feeble or the 
intervening distanci? long or semi-conducing. Hence, under 
the above coinlitions, stimulus applied at a distance will 
give rise only to a positive response. 

A reduction of the intervening distance will give rise 
to a ditrerent result. As the negative response is the more 
intense of the two, the feeble positive will be masked by 
the superposed negative. Th(‘ separate (‘xhibition of the two 
responst*s is only possible by a sulllcient lag of the negative 
impulse Ixdiind the ])Ositiv(‘. This lag increases with 
increase of length of transmission and decreases with the 
diminution of the length. Hence the application of stimu- 
lus near the ri'sponding organ will give rise only to a 
negative response, in spite of the presiuice of the positive, 
which becomes masked by the predominant negative.* 

Tliese inferences have been fully borne out by results of 
experiments carried out with various specimens of plants 
under tlie action of diverse forms of stimuli. In all cases, 
application of stimulus at a distance causes a pure positive 
response ; moderate reduction of the distance induces a 
tliphasic response — a positive followed by a negative; further 

** (.y. Bosk — “ Pliiiit Response,” p. “Comparative Electro-Pliysiolotjy,” p. 

t»4 Irritability i-f Plants.” p. VM). 



EFFECT OF INDIRECT STIMULUS 


i:^9 


diminution of diatiinco gives rise to a resultiint iK'gativo 
response, the positive being masked by the predominant 
negative. 

From what has been said it will be understood that 
the exhibition ol positive response is favoured by the (am- 
ditions, tliat tlu* transmitting tissue should be semi-condiiet- 
ing, and the stimulus feeble. It is thus easi(‘r to ex- 
hibit the positive elfect with the feebly eond noting petiole 
of Averrhaa than with the better conducting petiole of 
Mimosa, It is, however, possible to obtain positive n^sponst^ 
in the Mimosa by application of iudin^ct stimulus to the 
stem in which conduction is b‘ss rapid than in tin petioh‘s. 


TAHLK IX. — rKKIonS OK TRANSMISSION OK I’OSI’IIVK AND NKUA'I'IVK 
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EFFECTS OF DIRECT AND INDlREtJT STIMULUS. 

From the results given in course of the Paper wo are 
able to formulati^ thti following laws about the etfects of 
Direct and Indirect Siimulus on pulvinated organs : — 

1. Effect of add fohms of Direct stimulus is a diminution «jk 

TUROOK, a CONTHACTION AND A NE<SAT1VE MECIIANICAI. 


2. Effect of Indirect stimulus is an i.ncrease of 'iuriior. an 


EXI'ANSION AND A TOSITIVE MECHANICAL RESIONSK. 



no 
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.‘i. l*rtOf.(»V(.K(i ATK^N <iF IXI»1RK<T STI.MrM'S OF MODKRATE IN' 

'iKN'irv him: tm a ihi'iiask', hosiiive mkc'^iianical 

IlKnl-'tSSf: I ni f.'iu KI. m TIIK .\ K< JA fl VE. 

1. Ir Tin: inikhviaim; he iiKiiiLV roxi.ri'TiNtj, tiik thaxs- 

i'<)''rrivK Km:' !' hki mmes maski:i> jiv tiik 
AN'r Ni:<. \'f I VH. 

'rin* liiws of KflVct'i n!’ Direct iind Iiidiroet stimulus 
hold Lfoo'l not III ‘lol y iu lli.‘ c:ist‘ oT sonsitivo phinls, liiit 
iini\ ‘*r.s;dly for all plaids. 'I'his aspect of tho sijl)ji‘ct Avill 
Ijt! ir(*a((‘d in fuller detail in latin* Oajxu'S of this sindes. 



IX.— MODIKYINiJ INFLUKN(M^: OF TONK? CONDI- 
TION ON FFSFOXSF 




Sill . 1 . Hosio 
Anxintt’d hff 
(fUKUIMlASANNA DaS. 

oxperiluoiits with (lih\‘r(‘nt pul vi iiiiUmI or^uins, 
(lid'urtuico irf iioliciul as rri^uirds (lu‘ir cxchtahility. IT (di*u- 
tric shock of incrcasinii iiihuisity from a S(Ha)fi(lary coil 
he ptisscd throui'h tluj pulviui of Nt'ptu and 

FjVijtkriiia arrau,i.((sl in S(u*ics, il would h(‘ foiiiul (hat 
would he (ho first to r(‘spond ; a lu^arcr approaidi 
of tlui secondary coil to tlu^ primary would la^ muu'ssary ^ 
for N/‘ptuHi((> to sliow si^m of excitation. Friithrina would 
rc(iuire a far ipaxiter intensity of (demric shock to inducts 
excitat(»ry movement. OrL,uins of dilhuauit plants may thus 
he arran^o'd, according to tlieir excitahility, in a vortical 
series, thi‘ one at the lop heiiii^ the most (ixcitahle. d’he 
specific exedtahility of a '^dv(m origan is dill'ei-mit in •lif]’('rent 
spi‘ci(\s. 

In adililion to this (diaracdm-ist ic. differ 'n<V‘, an iihmtical 
organ may, on account of fav(Mu*ahle or unfavourahlo 
conditions, exhihit wide variation in excitability. Thus 
undtn’ favourahl ‘ conditions of liglit, warmth and other 
factors, the excitahility of an organ is grv‘atly onhanc(Ml. 
In tlu*. absence of tluiso favourable tonic conditions tlu^ 
excitability is depressed or »'ven abolished. I shall, for 
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convJMiioiic*', (listiui'uish the dilforent tonic conditions of 
the phirit iis Ufinnal, htf/jfir-tonic an<l suh-tonir. In tke first 
case, stimuliH of iinvlerate intensity will induce excitation ; 
ill the second, the (‘xcitaliility bein^? exceptionally high, 
v<!ry feehh* stimulus will he found to precipitate excitatory 
rieiction. Ihit a tissue, in a sub-luntc condition will ronuire 
a vm'y strong stiinnliis to bring about excitation. The 
e.Kcitaliility (d' an organ is thus deterinin(‘d by two factors : 
th(^ specific (‘xcitability, ami th(‘. tonic condition of the 
tissin*. 

TIfKOIlV OF ASSIMILATION ANO DISSIMILATION. 

A inuside cont raids under stimulus ; this is assumed to 
be du(‘ to some (‘xjilosive cluunical changt? which leaves 
the tissue in a condition less capable of functioning, or 
in a oomlition Ixdow par. Herring designates this as a 
pr*oci‘HH of (I issf tfiilffl ntH. The excitability of the muscle is 
restored after suitable periods of rest, by thi' opposite 
melaliolic change of (cssifu ilatuni. “ Assimilation and Dis- 
similation must l)c conceived as two closely interwoven pro- 
i^e.s.s.'S, which const iiuie tin* midabolism (uiiknowii to us 
in its intrinsic, natur •) of the living substanci*. Excitabi- 
lity diminishes in proportion with the duration of D-stimu- 
lus, <u*, a.s it is u.sually expressed, the substance fatigtirs 
itsell. It is pi*rtectly intelligilile that a progressive fatigue 
and decrv'inent of the magnitude of contraction must ensue. 
I’ht* only point that is dillicult to elucidate is tin* initial 
siaircast* increment of the twitches, more i^specially in 
»‘xci-ed, bloodless muscle, which seems in direct contradic- 
tion with the previous theory.”* 

With reterence to Herring's theory givt*u above, Ihiyliss 
in his ‘‘ Principles of General Physiology” (lUlf)), page Ml 

* liiKMi'lUM AN N* Tr:in>l:iliou) , Vol 1, jip. 83, 8t. 

i’<> 
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sayfci, “ In the phenomenon of metabolism, two processes 
must \)e Jistingiiished, the building up of a complex system 
or substance of high potential energy, ‘ anabolism,’ and the 
l)reaking down of such a system ‘catabolism,’ giving olf 
energy in other forms. The tendency of much recent 
work, however, is to throw doubt on the universality of 
this opposition of anabolism and catabolism as explana- 
tory of physiological activity in general,” 

The results obtained with the response of plants to stimu- 
lus may perhans tlirow some light on the obscurities 
that surround the subject. They show that the, two pro- 
cesses may be present simultaneously, and that the ‘ down * 
change induced by stimulus maj’, in certain instance's, be 
more than compensated by the ‘up’ change.* I shall, for 
convenience, designate th(‘ physico-chemical modilication, as- 
sociated with tli(5 ex(;itatory negritivc* jn<‘cd)anical and elec- 
trical response of plants, as the “D” changi^ ; this is attend- 
ed by run down of energy. The positive mechanical and 
(dectrical la^sponsii must therefore connote o})posite physico- 
chemical change, with increase of ])()tential energy. This 1 
shall designate as tln‘ “A” change, wliicli by increasing the 
latent energy, (‘iihances th(‘> functional activity of tin* tissm'. 
That stimulus may give rise simultaneously to both A, ami 
I), effi'Cts, finds strong support in tln> dual reactions ex- 
hibited in plant-response. Und<‘r iudircaa stimulus, the two 
responses are seen separately, the morii intense uf'gative 
following the feebb^ jiositive. When by th(‘, reduction of 
the intervening distance, stimulus is made dir(3cl, tlie n'sulf- 
ant responSi*, as previously statiMl, is nogativi^ ; and this is 
due not to tln^ total absence of the jiositive but to its 
bi'ing masked by th*^ predominant negative. Let us next 

In the (jf inorf^anic inattcr I liavc ohOiimMl rriaiKit. of positive, 

fliphaiiic aiul nc^alivn ^•spo^^t•s. It would pcrliap.-, bn aflvisablc to lofor tin; 
‘A 'and ‘ I) ’ effects, to ]»liysico-('hemicaI chaiifie. The siniultarifons douhk* roaclion, 
combination and decomposition, is of frequent occuiTcnce in many chtuiical 
changes. 
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(:onsi<lcr ih** (|ii(‘Sti(ni of this positive elomeiifc 

ill llie r(‘Siiltaiir nof/ativi* r^sponsi*. 

r.NM\SKIN(] OF THE POSITIVE EFFECT. 

Kioirr fa vomahlc conditions of tin* environment, the cx- 
(•itahility nf tin* origans is at its maximum. A given 
stimulus will hriiiLr ahum an int(*i;s ‘ (‘xcitation, and the 
‘down’ l)-cliauu^* will t iierafor.* h(3 \ery muck gr(‘ater than 
the A-cliaiiLTc. i.et us now (amsidcr (Ih‘ case at the opposite 
(‘xtreuKi wlicr *, owing t.<» unfaN ourahh* condition, tlie (‘-xcita- 
hiliiy is at its h»w(‘st. rn lcr slimuliis th<‘ (‘xcitatory D- 
c.haugt* will now he rcla(ivt‘ly rechIc com[)an‘d to tlie A- 
cliangig hy wliich tin* potential energy of tlii3 system b(‘Comes 
inc,rcas(‘<l , In such a cas • succ ‘ssi\(‘ stimuli will incrcnise the 
func-tinnal activitN of tln^ tis-^ue, and bring about staircase 
r(‘Spons(‘. Iliederniann immtions the staircase response of 
/>/eu7/cs.s' as otVering <lilhcailty of (‘xplanation. 

It is obvious (hat tin* physiological condition of tln‘ exciseil 
muscle must have falhm ludow par Tlu‘ staiiujase resi)onse 
in su(di a (issm^ is (!ius explaiiu^ I from consid(‘rations that 
hav(< just hemi adduced. 

ddie rt‘sul(s obtained with not only corroborate 

them, but add i ncontes* abb‘ proof of the si m ul tam'ous exis- 
tence of both A and I) idiang's. ddie physiological condition 
of a plant, .l///y/nso for examphg is greatly moditied by tin* 
i aN oiirabb* t)i* unfavourable condition of the t*n vironmeiit. In 
a hyper-tonic condition its excitability becomes very great ; 
in (his condition the plant responds to its maximum (‘V(‘n 
under v»'ry leebb‘ stimulus. Here the J)- change is ndatively 
great, and successive responses art* ai)t to show sign of 
fat igue. 

Ibit (In* plant in a sulj-tonic condition will exhibit 
b‘cble or no excitation, d’lie l)-change will be absiUit 
whib* the A-<*hange will takt* place undi*r the action of 
stimulus. 'This, by incretising the potential energy, will 
enhanct* tlie functional activity of the tissue. 
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Staircase respn)tse in Mimosa : Kr/)erimcnt -/.S’. — Tho 
theoivticiil considerations will bo 



Kic. iSIi.- “liocord showing' 
tlip oircct of stiiiiiniirf modify- 
ing^ tonicity nnd prodiicinjx 


foiHul oxporiinontally voriliod in the 
rec.ord ol)t:iim'd with :i spocinuMi of 
Mimosa in a sub-tonic condition 
(Fiit. ♦"‘•O* ^Iwintr to tlu‘ lack ot* 
Iavoural)b‘ " toiu? ’ tb(’ b‘at‘ was indax- 
in »4 as sotui in the lirsi part oi’ tln‘ 
curve. Tin* sliniulus of electric 
shock, apj)rK‘d at the thick dot in 
tht‘ curve slant in.Lt downwards, itave 
no r(‘Spons ‘ but rai.^eil the ton(‘ of 
tht‘ tissu ‘ by arrestiiii' the ^M’owin^' 
rvdaxation. Substapnait stimuli ^mvi‘ 
risi^ to staircase rc'sponses. Stimulus 
has, throuL'h the .V-(‘ll‘(‘ct, raised the 
functional aidivity of thi‘ iissin* to 


^Laireax.’ c'li’cct, ( .!< /i/joya. ) ‘t' maximum. 


AUTlFKMAb DKI’IIPSSION OP TONIC (CONDITION AM) 
.MOi)IPJ(’ATION OP UPSPONSP. 

It has beim shown that while favourabh* ionic (M)ndi.. 
tion has the (‘ilecL of raisin^^ (he <‘xc/itabiliiy and (mln'mcd n;.^ 
the ncijtative res[)onse with the assoed ited i )-chan;L,n‘, a con- 
dition of siib-tonicdt.y, on the* other Inmd, induces depression 
of excitability, a diminution of ne^uitiva* ri'sponse ami of the- 
attendant iLchan^e*. In this condition the positive (dement 
in the. responsii with tlie A-charii^u* will coim^ into ^'reat(*r 
promim*nce. TJiese c,onsiderations h‘d nuj to experiimint with 
specimens (‘xhibiting incri*asin^' sub-tonicity, with a viow of 
ummaskio^^ the positivi* (*h‘m ‘nt in tln^ la'spojisi*, /.e., tin* 
A-cbaniL,u‘. In tin* last (expi-rimerC a speciniim was found 
which lia])t)ened to ]>e in a sub-tonic- condition on account 
of the unfavourable condition of it-; surr- >u ndi n;^^s. I was 
next desirous of securing' si)ecimens in wliich 1 could induce 
increasing sub-tonicity at will. 
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I hiivij kIiovvii {bU'pt, 2S) that a detached branch of 
Mimosa can be kept alive for several days with the 
cut end inimersed in wabT. In this condition the pulvi- 
nus Tvdains its stnisitiveness for more than two days. 
The excitability under^mes a continuous decline and is 
abolished al)out the fiftieth hour. Isolation from the 
{>arent ori'iinism thus causes a continuous depression of the 
tonic condition of tlu5 specimen. The case is somewhat 
analogous to the ([(‘pression of excitability in an excised 
bloodless nniscb;. It is thus possible to secure specimens 
of varying d(^giM;es of sub-tonicity. A specimen that has 
been dtdached for six hours will exhibit a slight amount of 
d<‘pressi(>n, while a diflvU^nt specimen isolated for twenty- 
four hours will occupy a V(‘ry much lower position in the 
scale of tonicity, 

H.rjierimont 7.9.— The. staircase res})Oiise of Mimosa 
given in figurt^ oil was obtaiiK'd with the stimulus of 
i mined ion shock. In ord(‘r to establish a wi<ler generalisa- 
tion I now used the stimulus of light given by an 
arc- lamp. Theiui may ho a difliculty on account of the 
diurn. il luovmn nit (d* Mintasa ; the leaf, generally speaking, 
lias a rnovoineiit in a downwarcl direction from morning 
(ill noon, after which there is a comparative state of 
rest. It is better to cdioose the time of noon for experi- 
ment. In any case th«‘ n‘sponse to stiniuliis is very 
abrupt and in stiauig contrast with the slow diurnal niove- 
nienl .V horizontal p mcil of light was thrown upwards 
by means of a small mirror and made to fall on the 
lower half of a piilvinus of the Mimosa leaf. The excita- 


tory down movi*ni oit is 

followed 


recovery 

on 

the 

cessation of light. 'fhe 

intensity 

of 

stimulus 

can 

be 

moditied by varying liie 

intensity 

of 

light. I 

took 

for 


my first series of i‘Xperi meats a specimen that had been 
is )la(e I for six hours. Stimulation was caused by suc- 
cessive applications of light for 2b seconds at intervals of 
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3 minutes. Figure 54 shows how the functional activity 
oP the sub-tonic specimen is enhanced by stimulus, the 
successive responses thus exhibiting the staircase ofTect. 



Fid. 

Fi(i. — Stsiirca.s(‘ respoJiso in siih-toni' 

Fid. 55 — l^)sitive, diplnir^ic uii'l nispiniso uiidur snccnHrtivo slinminiinn. 

POSITIVE RESPONSE IN SUB-TONIC SPECIMEN. 

Kxperi})ie}it 50. — A still lower degree of sub-tonicity was 
ensured liy keeping the specimen in an isolated condition 
for 12 hours. Stimulus of light for 20 seconds’ duration 
was applied at intervals of 2 minutes. In the record (Fig. 
55) the first two resj)onses, not shown, were purely positive. 
The third exhibiteil a positivi? A-effect, followed by the 
negative response D-eflect. The A-ell’ect is thus seen fully 
unmasked. In siibsi^qmmt responses the A-elfect became 
more and moni overshadowed by th»‘ D-etViict. At tlu' third 
response the masking is complete and the excitatory nega- 
tive response is at its maximum. Th(i record of staircase? 
effect (Fig. 54) also exhibits a preliminary positive twitch 
at the beginning of the series, which disappeared after 
the second response. 


12 



u<s 


LIFE MOVExMENTS IN PLANTS 


The rno(lifyin)L' iiiflii‘*nce of tonic condition on response 
1 find to l)(^ of universal occurrence. In vigorous, speci- 
mens th(i (il(H!tric response to stimulation is negative; but 
tissues in sub-tonic condition give positive response and after 
long-continued stimulation the abnormal positive is convert- 
ed into the normal negative. It is very interesting that 
undf‘r condition of sub-tonicity diverse expressions of phy- 
siological reaction exhibit similar change of sign of normal 
response. Thus in my moasurement of the velocity of 
transmission of excitation in the conducting tissue of 
Mimosa^ 1 find that, when the tissue is in an optimum 
condition, exhibiting high velocity of transmission, exces- 
sive stimulus has the effect of diminishing the conduct- 
ing power. But in a de])re8S(Ml condition of the tissue 
the effect is precisely the opposite. Thus in a given case 
the velocity of transmission was low ; strong electric stimu- 
lation (udianced the rate by ,3d per cent. In extreme 
cases of sub-tonicity, wluire the conducting power was in 
abeyanci', the excessive stimulus caused by wound not 
only rostoiuMl the. jmwer of conduction but raised the 
velocity of transniission mm. per second {Kxpi. 67). 

SUMMAKY. 

Tlio excitability of a plant, is found to be modified 
by its tonic condition. 

A sub-tonic specimen of Mimosa, lik«^ an excised blood- 
less muscle, shows a preliminary staircase response. Stimu- 
lus induces simultaneously both ‘‘A” and “D” elfects, 
with their attendant positive and negative reactions. 

A tissue in optimum condition exhibits only the result- 
ant negative resi)onse, the comparatively fe(d)le positive be- 
ing ina'-hed by tin* predominant negative. With decline 
of tom*, the “D” effect diminishes and we get “A” effect 
unmasked. 

In extreme sub-tonic s])(‘ciinen, we get first only the 
“A” otloct, with its positive response. Successive stimu- 
lation convt‘rts the pure positive into diphasic and ulti- 
mately into normal n»^gativo response. 
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PART II. 


GROWTH AND ITS RESPONSIVE VARIATIONS. 




K.— THK Hiari MAONIFIOATION (niKSOOGRAPII FOFl 
RESKAK(RIES ON GROWTH* 


r>y 


Sill ,1. C, Bosk, 


Asti is ted hy 


Guruprasanna Das, l.m.s. 

Ill (liscassiiij^ tlio (UlficultioH conuecto*l witli investiga- 
tions relating to longitudinal growth and its variations, 
special stress must be laid on the iin})ortance of maintaining 
external conditions absolutely constant. This constancy can 
only be maintained in practice Cor a short tinn‘. Lengthy 
periods ot observation, iuor(‘over, iutro<luce the uncertainty 
of complication arising from spontaneous variation of 
growth. The possibility ol accurate investigation, therefore 
lies in reducing the period of the exporiimmt to a f(5W 
minut(^s during which we have to determim^ the normal 
rate of growth and its variation und(;r a given changed 
condition. This^ would necessitate the dcivising of a method 
of very high magnification for record of the rate of 
growth.* 

With auxanometers now in use, which give a magnifica- 
tion of about twenty times, it takes nearly four hours to 
determine the influence of changed condition in inducing 

A short account of my researches with the High Magnilicatiou Crescograph 
liaa been published in the Proceedings of the Royal Society. 1 shall in the 
following Papers give a detailed account of my investigations on growth and 
on allied phenomena. 
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variation of growth. It will be t'een that if we succeeded in 
enhancing magnification from twenty to ten thousaml times, 
the n(‘cessary jxjriod for experiment would be reduced 
from four hours to thirty seconds. The importance of secur- 
ing a magnification of this order is sufficiently obvious. 

Tin* problem of high magnification was first solved by 
my Optical Lever.* The tip of the growing organ was 
attached to tin; short arm of a lever, the axis of which 
carried a small mirror ; in this way it was possible to 
obtain a magnification of a thousand times. The magnified 
movement of growth was followed with a })en on a revolv- 
ing drum. The r(*cord laboured under the disadvantage of 
not b(‘ing automatic. This defect was overcome by the use 
of the pliotographic method which liowever entailed the 
inconveni(‘nce and discomfort of a dark room. 

I have, for tin* j)ast six years, been working ^witb a 
dilferenL method, wliich has now been brought to a great 
static of perf(‘Ctiou. The prohlejii to he solved was the 
<le vising of a direet method of high magnification and the 
automatic record of the magnified rate of growth. 


METHOD OF HHIH MAGNIFICATION. 

The magnification in my (T-escograph is obtained by a 
eom))ound system of two levers. The growing plant is 
attached to tin* short arm of a lever, the long arm of which 
is attachetl to the short arm of the second lever. If the 
inagnitieat ion by tln^ first lever he />/, and that by the 
second, //, llui resulting magnification would be tH)i, 

The practical dilliculties met with in carrying out this 
idea are very numerous. It wdll be understood that just as 
the imperceptible movement is highly magnified by the 


Bosk — •* Plant Response,” p. 41*2. 
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compound syc^tem of levers, the various errors and difficul- 
ties are likely to be magnitied in the same proportion. The 
principal difficulties met with were due : (1) to the weight 
of the compound lever which exerted a great tension on 
the growing plant, (2) to the yielding of flexible connec- 
tions by which the plant was attached to the first lever, 
and the first lever to the second, ami (H) to the friction at 
the filler urns. 

Weight of the Lvver . — As the first lever is to exert a 
pull on the second, it has to be made rigid. The second 
lever serves as an index, and can therefon^ be made of 
tine glass fibre. The securing of rigidity of the first lever 
entails large cross section and consequent weight, which 
exerts considerable tension on the plant. Excessive tension 
greatly modifies growth ; even the weight of the index used 
in self-recording aiixanoinet(‘rs is found to modify the nor- 
mal rate of growth. The weight of the levers introduces 
an additional difficulty in the increased friction at tin? 
fulcrums, on account of which there is an obstruction of 
the free movement of the recording arm of the lever. The 
conditions essential for overcoming these difficulties there- 
fore are : (1) construction of a very light lever possessing 
sufficient rigidity, and (2) arranging the levers in such a 
way that the tension on the plant may be reduced to any 
extent, or even eliminated. 

I found in namddum^ an alloy of aluminium, a light 
material possessing suflicient rigidity. The first lever is con- 
structed out of a thin narrow sheet 20 cm. in length ; 
it has, as explained before, to lie fairly rigid in order to 
exert a pull on the second without undergoing any bend- 
ing ; this rigidity is secured by giving the thin narrow 
plate of the lever a T-shape. The first lever balances, to 
a certain extent, the second. Finer adjustments are made 
by means of an adjustalde counterpoise B, at the end of 
the levers. By this means the tension on the plant can 
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!)(■ rLMiuced ; or a constant tension may be exerted 

l»y means of a wei^du T (Fi;^. 5t)). In my later type 



Fid, T)').— Coji)|)onu<l lf‘vcr. 1*, plant attached to .-ihort arm of lever L ; T, 
wei{,flit e\url.in}< tension; connect in*^ link; L/ second lever with bent tip for 
record; 11, 11, halancinif counter]»oise. Fork F, carries at its side two conical 
.‘iLfate c'i|M, on wliicli lever rests hy two [»in*points. (From u plioto{<raph.) 


of tin* apparatus the plant connection is maile to the right, 
instead of tlie left side of the first fulcrum. This gives 
c(‘rtaiii practical advantages. The second lever is then made 
practically to balance the first, only a very sliglit weight 
being m*c(‘ssary tor <‘xacl counterpoise. Th(* reduction of 
total weight thus secured reduces materially the friction at 
the fulcrum with great enhancement of etlicioncy of the 
apparatus. 

Tin* secoml or tin* recording lever has a normal excur- 
sion througli 8 cm. on ihe recording surface, which is a 
very ihiii slmet of glass 8x8 cm. coated with a layer of 
smok'*. As tiie recording lever is about 40 cm. in length, 




HIGH MAGNIFICATION CllESCOGllAPH. 


155 

the curvature in the recor*l is slight, and practically negli- 
gible in the middle portion oi 4 cm. The dimenrtioiis 
given allow a magnitication of ten thousand times. A far 
more compact apparatus is made with 15 cm. length of 
levers. This gives a magnitication of a thousand times. 


AUTOMATrC RECORD OF THE RATE OF (JROWTH. 

Another great difliculty in obtaining an accurate record 
of the curve of growth arises from the friction of contact 
of the bent tip of the writing lever against the recording 
surface. This I was able to overcome by an oscillating 
device by which the contact, instead of bcung coiuinuous, 
was made intermittent. The smoked glass plate, (ir, is made 
to oscillate, to and fro, at regular inUu'vals of tiling say 
one second. The bent tij) of the r(‘Cording h^ver comes 
periodically in contact with the glass plate during its ex- 
treme forward oscillation. The record would thus con- 
sist of a series of dots, the distance betw(;en successiv(! dots 
representing magnified growth during a second. 

The drawback in connection with the obtaining of 
record on the oscillating plah‘ lies in the fact that if the 
plate approaches the recording point with anythifig like 
suddenness, then the stroke on tin* Ilexible lev(‘r causes an 
after-oscillation ; the muitiple dots, thus ])roduced, spoil th<‘ 
record. In order to overcome this, a special contrivance 
is necessary, by which the speed of approach of the ]>lat(^ 
should be gradually reduced to zero at contact with tin; 
recording point. The rate of recession should, on the other 
hand, continuously increase from zero to maximum. The 
recording point will in this manner be gently pressed 
against the glass plate, marking the dot, and then gradu- 
ally sot free. It was only after strict observance of these 
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conditions that tho disturbing etlect of aftor-vibration of 
tiio Ji*vor coubi bo obviat(*(l. 

This particular conlrivanc*‘ consists of an eccentric rod 
actuated by a rotalin^f winad. A cylindrical rod is sup- 
jxjrted ee(auitrically, so that stuni-rotation of the eccentric 
causiiiL' a pull on the crank Iv (Fig. 57 ) i)ushes the plate 



Kej.;)7.-Km«ntrU- f..r .wcilhc i.,i» ot j,hnr. K, oiank ; S, slide; P, holder for 
Kl.iss (5. A. adjustiti- ^rre^vs; h, reeurdinjr U-v^n-. Clock rclo.'isos string C 

tor l;neral inov.Mie-nt of tlu- pLite. (From a photogniph.) 


earlier gradually inrward. On the indiirn movement of 
tlio 01'1‘i‘uii'ic, a lifrlit antafionistic spring makes the plate 
reeede. 'I’lie rate of tlie movement of the crank itself is 
farther regulated hy the device of the revolving wheel. 
T'his is released periodically by clockwork at intervals of 
one, two, tive, ten, or tifteen seconds respectively, according 
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to the requirements of the. eKperiment. The complete 
appuralns is sliown in figure 5S. 



Fl(t. 68, — Coiiiplchi apparatnfl. P, plant; R, rnicroinrtor Hcrow for raising or 
lowering the plant ; C, clockwork for periodic oscillation of plate ; \V, rotating 
whoel. V, cylindrical plant-chaiiiber, (From a plnjtograph.) 

Connecting linhs . — Another puzzling (liiliculty lay in 
the fact that the magnification actually obtained was 
sometimes very difl’erent from the calculated value. This 
unreliability I was able to trace to the defects inherent 
in thread connections, employed at first to attach the plant 
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to tho first itivor, au<J tlie first lover to the seconil. These 
Hexibhj conri(tctioiiH were fouinl to undergo a vjiriable 
amount of elastic yield. Hence it became necessary to 
uso notliiiig bnt rigid connections. The plant attachment, 
A, of triangular siiape is made of a piece of navaldxmi ; 
its knife-(Mlge r(*s(s on a notch at the short arm of the 
b^vuir, L. 'File re are several notche-} at various distances 
from the fulcrum. It will be uu lerstood how the magni- 
fication can bi‘ modified by moving A, nearer or further 
from tile fulcrum. 'Fhe lower end of the attachment is 
lj(*nt in tlie form <it a hook. The end of the leaf of the 
plant P, is doubled oii itself and tied. The loop thus 
formed is tlnni slippe l over the hooked end of A. 

The link, (’, coiurictiiig and consists of a pin 
pointiMl at both ends, which rests on two conical agate 
cups Fixed r(‘si)ecti vely to tlie upper and lower surfaces of 
the l(‘v<*rs Ij ami L\ This mode of frictionless linking is 
rigid ami allows at tlu^ same time perfectly free movement 
of tht^ liw(*rs, 

The J i('(rrNui.- 'i'h^ most serious dilliculty was in connec- 
tion with friclionb‘ss support of the axes of the two levers. 
Fho horizontal axis was at first su])ported on jewel bearings, 
with fine sen^w adjustment for securing lateral support. 
Any slight variation from absolute adjustment made the 
bearing oitluu* too loose or too tight, preventing free play 
ol the lever. When perfect adjustment was secured by any 
chance, the movcuuent of the levers became jerky after a 
lew days. This I atterwards discovered was due to the 
de])c>sit of invisible particles of dust on the bearings. These 
<lillieulties forced me to work out a very perfect and at the 
same time a much simpler device. The lever now carries 
two vertical piii-poiiits which are supported on conical agate 
cups. The axis of the lever passes through the points of 
support. Tho friction of support is thus reduced to a 
minimum. The lovers are kept in place under the constant 
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pr'.'ssure of their own weight. The excursion of the 
end of the recording lever, which represents iiuignificd 
movement of growth, was now found to be without jerk 
and quite uniform, 

EXPERIMENTAL, ADJUSTMENTS. 

The soil in a flower pot is liable to be disturbed by 
irrigation, an<l the record thus vitiated by })hysical disturb- 
ance. This is obviated by wrapping a pi(^ce of cloth round 
the root imbedded in a small quantity of soil. The lower 
end of the plant is held securely by a clamp. In order 
t ) subject the plant to tln^ action of gas(‘s and vapours, 
or to variation of temperature it is emdosed in a glass 
cylinder (V) with an inlet and an outlet pipe (Kig. r),S). The 
chamber is maintaiuMl in a humid couditioii by means of a 
sponge soaked in water. Different gases, warm or cold water 
vapours, may thus be introduced into the plant chainbir. 

Any quick growing organ of a plant will be foumU 
suitable for oxperimimt. In order to avoi(l all possible 
disturbing action of circumnutation, it is ])nd\3rable to em- 
ploy either radial organs, such as Ibnver pedunch's and buds 
of certain flowers, or the limp leaves of various species of 
grasses, and the pistils of flowers. It is also advisable to 
select specinnms in which the growth is uniform. I ap- 
pend a representative list of various speciimms in which, 
under favourable conditions of season and temperature, the 
rates of growth may bo as high as those given below : — 


Pt'duiicle of Zejfhyrafithf’H 

... I)'7 mil 

Leaf of grass 

... IIO „ 

Pistil of Hibiscus flower 

... 1-2I) „ 

Soudliiig of wheat ... 

... riio ,, 

Flower hod of Crinum 

... 2-20 „ 

Seedling of Scirpus Kysour 

... 3(10 „ 



IGO 
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Tho Hpecimen employed for experiment may be an 
intact plant, rooted in a flower pot. It is, however,, more 
conv(mient to employ cut specimens, the expose*! end bein" 
wrapped in moist cloth. The shock-eflect of section passes 
olV after several hours, and the isolated organ renews its 
growth in a normal manner. Among various specimens 
I find jV. Kysoor to be very suitable for experiments on 
growth. The leaves are much stronger than those of 
wheat and difl'erent grasses, and can bear a consider- 
able amount of pull without harm. Its rate of growth 
undtu* favourable condition of sc^ason is considiuuible. 
Some speciimms werci found to have grown more than 
<S cm. in the course of twenty-four hours, or more 
than mm. per hour. This was during the rainy season 
in tiie mouth of August. But a month later the rate of 
growth fell to about I mm. per hour. 

I shall now proc(Mv,| to describe certain typical experi- 
m ‘Uts which will show: (1) the extreme sensibility of the 
Orescograpli ; (2) its wide applicability in difl’erent investi- 
gations ; and (fl) its capability in determining with groat 
precision tlie time-relations of responsive changes in 
the rate of growth. In describing these typical cases, I 
shall give <letailed account of the experimental methods 
employed, and thus avoid repetition in accounts of subse- 
quent experiments. 

iMterniination of thr ahsolate rate af growth ; Expert- 
ment ol . — For the dettuunination of the absolute rate, I 
shall interpret the results of a record of growth obtain- 
ed with a vigorous specimen S, Kysoor on a stationary 
plate. The oscillation frequency of the plate was once in 
a seconil, and the magnification employed was ten thousand 
times. The magnified growth movement was so rapid that 
the record consists of a series of short dashes instead of 
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dots (Fi". 5i^A). 


For seen r in II 


ro^Milarity in tho rate of 



FuJ. aO.— Croi^co^rapliic ^^‘^•ord^J : (A) succoasivo roconis of f^rowlh at inlor- 
vals of ojiu ftocund (ma^niticaiion lO.oOO tini(?a). [a) Klfoct of tompcM’atnre on a 
stationary plate; N, normal rate of growth; (/, retarded rat(.‘ under cold; H, 
enhanced rate iimler warmth: (b) record on moviiii; plate, where diminished 
slope of e.nrve denotes retarded rate under cold. ( .M aj^nitioation times.) 

growth, it is advisabU^ that the plant slioiild ht^ kept in nni- 
form darkness or in uniformly diffused light. So sensitive 
is the recorder that it sliows a cliange of growth-rate din^ 
to the slight increase of illuniination ])y l[i(‘ opening of an 
additional win<low. Oiie-side<l light, inortiover, gives rise to 
disturbing phototropic curvatun*. With the precautions 
described tlie growth-rate in vigorous sp(‘ciinens is found to 
be very uni form. 

After the completion of the first vertical series, the 
recording plate was moved 1 cm. to the loft ; the tip of 
the recorder was brought once inort^ to the top by tlui 
micrometer screw, S, (Fig. 5(S), and the ri'cord taken once 
more after an interval of 1.") minutes. The magnified 
growth for i seconds is .'5S mm. in the first record ; it is 
precisely the samo in the r(‘Cord taken fift(}(*n minutes 
after. Tlie successive growth elongations at intervals of 1 
seconil is practically the same throughout, being D’o mm. 
This uniformity in the spacings demonstrates not only the 
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regularity of growth iinrler constant conditions, but also the 
precision of the apparatus. It also shows that by keeping 
the external condition constant, the normal grOwth-rate 

could be maintained uniform for at least fifteen minutes. 
The magnified rate of growth is nearly 1 cm. per second, and 
sinc(i it is (juitt; easy to measure 0v5 mm., the Crescograph 
enahh's us to magnify and record a length of 0*0005 mm., 

that is to say, the sixteenth part of a wave of red light. 

Th(i absolute rate of growth, moreover, can be determined 
in a period as short as 0*05 of a second. These facts 

will give some idea of tho great possibilities of the Cresco- 
graidi for future investigations. 

As (he jxM'iod of experiment is very greatly shortened 
by the mcdhod of high magnification, I shall, in the 
<let(‘rminji(i()n of (lu; absolute rate of growtli, adopt a 
second as I lie unit of tinu‘, and /z, or mivroyi, as the unit 
of huigth, — th(^ micron, being a millionth part of a metre 
or a thousandth part of a millimeter. 

If m he the, magttifying power of the compound lever 
and /, the av(*rag(5 distance between successive dots in 
mm. at intervals of t seconds then ; — 

tlu^ rate of growth — -- x 10 V second, 
lii tho record given / = 9*5 mm. 

m = 10 , 000 . 

/. = 1 second. 

IliMice (he rate of growth = X 10 V 

• = 0*95//. per sec. 

Having demonstrated the extreme sensitiveness and 
reliability of the apparatus, in quantitative determination, 
I shall next proceed to show its wide applicability for 

various researches relating to the influence of external 

agencies in modification of growth. For tliis two different 

methods are employed. In the first of these methods, the 

records are taken on a stationary plate : of these the 
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record is at first taken under normal condition, the subse- 
quent series being obtained under the given changed 
condition ; the increase or diminution of intervals between 
successive dots, in the two series, at once demonstrates 
the stimulating or depressing nature of the changed 
condition. 

In the second method, the record is taken on a plate 
moving at an uniform rate by clockwork. A curve is 
thus obtained, the ordiiuite representing growth elongation 
and the abscissa the time. The increment of length divided 
by the increment of time gives the absolute rate of 
growth at any part of the curve. As long as the growth 
is uniform, so long the slope of the curve remains con- 
stant. If a stimulating agency onhances the rate of growth, 
there is an immodiato upward llexuro in the curve ; a 
depressing agent, on the other hand, lessems the sloi)e ot 
the curve. 

I shall now give a few typical examples of the 
employment of the Crescograph for investigations on 
growth: the first example I shall take is the demonstra- 
tion of the influence of variation of temperature. 

Stationary method: hJxperiment 52. — The records, given 
in Fig. o9a, were taken on a stationary plate. The 
specimen was S. Kysoor ; the Crescographic magnifica- 
tion was two thousand times, and the successive dots at 
intervals of T) seconds. The midille series, N, was at the 
temperature of the room. The next, 0, was obtained with 
the temperature lowered by a few degrees. Finally H 
was taken when the plant-chamb jr was warmed. It will 
be se ‘11 how under cooling the spaces between successive 
dots have become shortened, showing the diminisheil rate 
of growth. Warming, on the other hand, caused a widen- 
ing of intervals between successive dots, thus demonstrating 
an enhancement of the rate of growth. 


13 
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Calculating from the data obtained from the figure we 
find : — 

TIk! alwolntc value of the normal rate ... 0'457/x per s(?con(l, 

I rate nri<ler cold ... ... O’IOI/a „ „ 

KnliatKJod rate uiMler warmth ... ... 0 737/i, ,, ,, 

Moving mHhod : Kjypriment 54 . — This was carried 

out with a dii!\‘rent specimen of S', Kysoor^ the record 
being taken on a moving plate (Fig. 596). The first, part 
of the curve liere represents the normal rate of growth. 
The plant was then subjected to moderate cooling, the sub- 
sequent curve with its diminished slope denotes the depres- 
sion of growth. The <|uestion of influence of temperature 
will l)(^ treated in a subseipient Paper of the present series 
in much gr(‘ater detail. 

Precaulioit ayainst yinjsical disf/iirhance : Experiment 54 
There may be some inisgivifig about the employment of 

such high magnification : it may be thought that the 
accuracy of the record might be vitiated by physical 
(listurbjinc(‘, such as vibratiom In physical experimenta- 
tion far greater JidicuUit's have, liowever, been overcome, 
and the problem of securing freedom from vibration is not 
at all formidable. The whole apparatus need only* be 
placed on a heavy bracktjt screwed on the wall to ensure 
against nn'chnical disturbance. The extent to which this 
has been realizeil will be found from the inspection of the 
first part of the record in figure 60, taken on a moving 
plate. A thin dead twig was substituted for the growing 
plant, and the perfectly horizontal record not only demon- 
strated the absence of growth movemimt but also of all 
disturbance. There is an element of physical change, against 
which ]>recautions have to be taken in experiments on varia- ^ 
tion of the rate of growth at dill'ereiit temperatures. In 
onler to determine its character and extent, a reconl was 
taken with the dead twig, of the etlect of raising the temper- 
ature of the plant-chamber through ten degrees. The record 
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(Fig. 60) with a magnification of two thouaainl times shows 

that there is an ex})ansion dur- 
ing the rise of temperature, 
and that the variable period 
lasted for a minute, after 
which there was a ci‘ssation 
of physical movemmit, the 
record becoming once more 
horizontal. The obvious pre- 
cautions to be taken in sucli 
a case, is to wait for several 
minutes for the attainment 
of steady temperature. Tlio 
movement caused by physical 
change abates in a short time 
whereas the change of rate of 
growth brought about by phy- 
siological reaction is persistent. 

DETERMINATION OP LATENT PERIOD AND TIME-UELATIONS" 
OF RESPONSE. 

Experiment 55 , — In the determination of tiuKi-relations 
of responsive change in growth under external stimulus, 

I shall take the typical case of the effect of ehjctric 
shock from a secondary coil of one second’s duration. Two 
electrodes were applied, one above and the other ])elow 
the growing region of a bud of Crinum. TIuj recM)rd was 
taken on a moving plate, the magnification employed being 
two thousand times, and successive dots made at intervals 
of two seconds. It was a matter of surprisi^ to me. to 
find that the growth of the plant was affected by an 
"^intensity of stimulus far below the limit of our own per- 
ception, As regards the relative sensitiveness of plant atid 
animal, some of my experiments show that the leaf of 
Mimosa piulica in a favourable condition responds to an 
electric stimulus which is one-tenth the minimum intensity 

13 A 



Fifi. GO. — Horizontal record «how8 
absence of growth in a d^ad branch ; 
physical expansion on apidication of 
warmth at arrow followed by hori- 
zontal record on attain rnont of steady 
temperature. (Magnification 2,t>00 
times.) 
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that causes perception in a human being. For convenience 
I shall designate the intensity of electric shock that is. barely 
perceptible to us avS the unit shock. When an intensity of 
0 2^) unit was applied to the growing organ, it responded 
to it by a retardation of growth. In8p(‘ction of Fig. (>1 shows 

that there is a flexure induced 
in the curve in response to 
stimulus, the flattening of the 
curve denoting retardation of 
growth. The latent period, in 
this case, is b seconds. The 
normal rate was restored after 
f) ndnutes. The intensity of 
shocK was next raised from 
0*25 luiit to one unit. The 
second record shows that the 
latent period is reduced to 4 
seconds, and a relatively 
greater retardation of growth 
was induced by the action of 
the stronger stimulus. The 
recovery of the normal rate 
was effected after tiie longer period of 10 minutes. I took 
one more record, the intensity being three units. The 
latent period was now reduced to 1 second, and the 
induced retardation was so great as to effect a temporary 
arrest of growth. 

TAie.K X. — TlMK-UKI.ATlONs OF RKSfONSlVK (U(n\\ TII-VAIU ATION UNDER 
KLEOTUic siiorK (('ri/ium). 



Kl(}. (»l. -'I iino-rclations of roKponno 
oi t;ro\vin^' or^^an to electric .stiiiiulns 
of increasing intensities applied at the 
short horizontal lines. Successive dots 
at intervals of 2 seconds. 


Inte!\sity of 
stiinnlus. 

Jjatent jieriod. 

Normal rate. 

Retarded rate. 1 

1 

0*2r> unit. 

6 secoiuln. 

(••(>2 /* piT see. 

0 49 fi per sec. 

1 

1 

: (1-62 

0*2;) „ 


1 

1 0-62 

Temporary arrest i 



1 

of growth. : 

! 
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It is thus found that growth in plants is affected by an 
intensHy of stimulus which is below human perception ; 
that with increasing stimulus the latent period is diminished 
and the period of recovery increased ; and that the induced 
retardation of growth increases continuously with the stimu- 
lus till at a critical intensity there is a temporary arrest 
of growth. I shall speak later of the etfect induced by 
stimulus above this critical point. 


Experiment 56, — As a further example of the capabi- 
lity of the Orescograph, T shall give the reconl of a single 
pulse of growth obtained with the peduncle of Zephi/nin’ 
thes Sulphurea (Fig. 6:2). The magnification employed was 

10,000 limes, tlie successiv(» 
dots being at intervals of 
one second. It will b(» si‘en 
that the growth pulse com- 
mences with a sinhii'ii 
elongation, the maximum 
rate being 0*1 p per sec. 
Till! pulse exhausts itself in 
ir> st^conds, after which 
there is a partial r(H:<)very 
in the course of l.‘'> seconds- 
The period of the complete 

pulse, is 2iS seconds. d'he 
Fih. r,2.-KccoM of a single growU.-pulHe f-rowt h ill cacii 



of Zephyanthcs. 
timea.) 


(Maguilication 10,000 


pulse is tlierefore the differ- 


ence between elongation and recovery. Had a vin-y highly 
magnifying arrangement not been used, the resuitiiig rate 
wouhl have appeared continuous. In other sp(3cimens, owing 
probably to greater freiiuency of piilsatioii and co-operation 
of numerous elements in growth, the rate appears to be 
practically uniform. 
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Advaniagp.H of the Crescograph , — There is no existing 
method which (mables us to detect and measure such infinitesi- 
mal rnoveiiKMits and tlieir time-relations. The only attempt 
made in measuring minute growth has been by observing 
th(i movement of a mark on a growing plant through a 
inicroHcop(‘. The magnification available in practice is about 
times. The observation of the movement would itself 
be snflieiently fatiguing. Hut a simultaneous estimate of the 
time-relations of rapidly fluctuating changes would prove 
so Ix^wildering, that accurate results from this method would 
be altog(^tht^r impossibl(‘. A objective gives a linear en- 
largermmt of about ],2t)(l times. Hut the employment of this 
obj(‘Ctive is impracticable in the measurement of growth 
(dongation of an ordinary plant. With the Orescograph, on 
tlu^ other hand, wo obtain a magnification which far sur- 
l>ass(‘S the high(‘st powers of a microscope, and it can be 
used for all plants. It does not merely detect growth but 
automatically records the rate of growth and its slightest 
fluctuation. The extreiiu* shortness of time required for an 
experiment renders the study of the influence of a single 
factor at a tinu^ possible, the other conditions being kept 
constant. The (davscograph thus opens out a very extensive 
fi(dd of iiKjuiry into the physiology of growth ; and the dis- 
covtu-y of several important phenomena mentioned in this 
Paper is to be ascribed to the extreme sensitiveness of the 
apparatus, and the accuracy of the method employed, 

MAGNETIC AMPLIFICATION. 

The magnification obtained with two levers was, as stated 
before, 10,(K)0 times. It may be thought that further 
magnification is [>ossibh* by a compound system of three 
levers, d'heia* is, how(‘\H‘r, a limit to tiie number of levers 
that may be employed with advantage, for the slight over- 
weight of the last lever becomes multiplied and exerts very 
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great tension on the plant, which interferes with the normal 
rate of its growth. The friction at the hearings also becomes 
added up by an increase in the number of levers, and 
this interferes with the uniformity of the movement of the 
last recording lever. For s‘curing further magnilication, 
additional material contact has, tht‘refore, to be abandonetl. 
I have recently been successful in devising an ideal method 
of magnilication without contact. The movcmient of th(^ 
lever of the Urescograph upsets a very delicately balanctnl 
magnetic system. The indicator is a rellected vSj)Ot of light 
from a mirror carried by the deflected magnet. Taking 
a single lever with the lengths of two arms 120 min. and 
2*5 mm. respectively we obtain a magnification of 50 
times. The magnetic system gives a furtlnu’ magnilication 
of 20,000 the total magnitic Uion being * thus a 
million times. This was verilhid by moving by m(‘ans of 
a micrometer screw the short arm of the hiver through 
0*005 mm. The n^sulting dellection of tln^ spot of light at 
a distance of 4 metres was found to be 5,000 mm., or a 
million times the movement of the short arm. It is not 
diflicult to produce a further magnitication of 50 times by 
attaching a second lever to the first. The total magnifica- 
tion would in this case be 50 million tilings. 

A concrete idea of this will be obtaimMl wiien we realise 
that by the Magnetic Orescograph a magnification can be 
obtained which is alxmt 50,000 times great(ir than that 
produced by tlie highest power of a microscope. Tliis order 
of magnification would lengthen a wave of sexlium light to 
about 3,000 cm. I am not aware of any existing method 
by which it is possible to sec ire an amplification of 
this order of magnitude. The application of this will 
undoubtedly be of great help in many physical investiga- 
tions, some of which I hope to complete in the mnir future. 

Such an enormous magnification cannot b(^ etniiloyed 
in ordinary investigations on growth, for the moving spot 
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of light indicating rate of growth, passes like a flash 
across the scri‘en. But it is of signal service in my in- 
vestigations on growih by the Method of Balance, to be 
described in a future Paper. The principle of this method, 
consists in making the spot of light, which is moving in 
res])onHe to growth, stationary, by subjecting the plant to a 
compensating movement downwards. The slightest variation 
caused by an ext(‘rnal agent would make the spot of light 
move eitlier to the right or to the left, according to the 
stimulating or depressing character of the agent. It 
will be understood, how extremely sensitive this method 
is for <letection of the most minute variation in the nor- 
mal rate of growth. 

THE DEMONSTRATION CRESCOGRAPH. 

Before proceeding with accounts of further investiga- 
tions, I shall describe a form of Magnetic Crescograph 
with which I havi* ])een able to givt^ before a large 
auditmoe demonstration of a striking character on various 
})henoinena of growth. The inagnitieation t)btained was 
so great that I had to take some trouble in reducing it. 
This was accomplished by the employmeiifc of a single, 
instead of a compound system of two levers. The re- 
flected spot of light was thrown on a screen placed at a 
distance of 4 metres, ami this gave a magnification of a 
million times ; it is obvious that an increase of the distance 
of the screen to N metres would have given a magnification 
t)r 2 aiillion times. As it was, even the lower magnifica- 
tion was far too great for use with quick growing plants 
like Kysdur, I, tlierefore, employed the slower growing 
flower bud of CritmtH. It will be seen from Table X 
that the normal rate of growth of the lily is of the order 
of O’OOOt) nun. per second. The normal excursion of the 
spot of light reflected from the Crescograph exhibiting 



HIGH MAONTPICATION CRESCOGRATH 


171 


growth was found to be 1] metros in five seconds, or 
60 cir/. per second. This is a million times the actual 
rate of growth of the Crintuii bud. As it is easy to 
measure 5 mm. in the scale, it will be seen that with 
the Demonstration Croscogra ph it is possibh* to detect the 
growth of a plant for a perioil shorter than a hundredth 
part of a second. 

Experiment J7. — A scale W metres long divided into 
cm. is placed against the screen. A metronome beating 
half seconds is 3tar{e<l at the moment when the spot 
of light transits across the y.ero division ; thi‘ number 
of beats is counted till the index: traverses the !UJ() cm. 
At the normal temperature of the room (.‘hi 0,), the 

index traversed 300 cm. in live seconds. The plant 

chamber was next cooled to 26^0. by the blowing in of 
cooled water vapour ; the time taken by the spot of light 
to traverse the scale was now 20 seconils, i»e,, tln^ growth- 
rate was depressed to a fourth. Under continuous lowcu’- 
ing of temperatuiv^ the growth-rate^ IxK^aine slowcid down 
till at 21^0. th(*re was aii arrest of growth. Warm 

vapour was mvxt intro luced, gradually raising the tempera- 
ture of th(i chaml)er to 3.5 dh Th(‘ S[>ot of light now 

rushed across the scale in a second and a half, i.c., the 
growth was enhanced to mori? tlian tliroe (inn*s the 
normal rate. The entire series of the above experiments, 
on the effect of temperatun^ on growth, was thus complet- 
ed in the course of 15 minutes. 

SUMMARY. 

A description is given of the High Magnification 
Orescograph, wliich enables an automatic ivicord of growth 
magnified ten thousand times. The absolute rate of growtli 
can be easily deteriiiined from the data given in the 
record. 
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A magnification of a million times is obtained by the 
employment of Magnetic amplification. An increment of 
growth so minute as a millionth part of a mm. or 
O’OOOOOOOl inch may thus be detected. It is also possi- 
ble to detect tlu^ growth of a plant for a period shorter 
than a hundrivlth part of a second. 

The inti lienee of external conditions on variation of 
rati of growth is obtained by two methods of record. In 
STATIONARY MKTHOD, the increase or diminution of the 
distance lietween successive dots rejiresenting magnified rate 
of growth, demonstrates the stimulating or ilepressing 
nature of the chang(*d condition. 

In th“ second, or MOVING PLATK MKTKOI), a curve is 
obtaiiKMl, the ordinate representing growth elongation, and 
the abscissa, time. A stimulating agent causes an upward 
flexure of (he norhial curve; a liepressing agent, on the 
other hand, lessens the slope of the curve. 

The action of external stimulus induces a variation of 
the rate of growth, the time relations of which are found 
from the automatic record of the growth. The latent 
period is shortened with the intensity of the stimulus. A 
responsivt* variation of growth is induced by au intensity 
of stimulus which is below human perception. 

It is often ])OSsihle to obtain record of the pulsatory 
nature of growth-elongation. Thus with the growing 
peduncle of Z('i>hijrantheSy the growth pulse commences with 
a sudden elongation, the maximuin rate being O’OOOl 
nun. per second. The pulse exhausts itself in 15 seconds, 
afior which there is a partial recovery in course of 
seconds, the period of complete pulse being 2(S seconds. 
The resultant growth in each pulse is the dillerence be- 
tween elongation and recovery. 

Tilt' Magnetic Creseograph enables demonstration of 
principal phenomena of growth and its variation before a 
largvj audience. 
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SURKNDRA ChUNDEH DaSS, M.A. 

Accurate (letter mi nation of the effect of teinperaturt' on 
growth |)n‘sents many serious (lilliculties on account of 
numerous comj)licating factors. In nature, the u))])m* part 
of the plant is exposed to the temperature of the air, while 
the root underground is at a very different temperature. 
Growth, we shall find, is modified to a certain extent by 
the ascent of sap. (See j). ISll, K.ryt, 0!).) The activity of 
this latter process is determined by the temperalure to wliich 
the roots are subjected. The difficulty ma> b»i removed to 
a certain extern by placing the plant in a tluirmal chamber, 
with arrangement for regulating the t(mii)erat ure of the 
air. The air is a bad conductor of heat, and there is some 
uncertainty of the interior of the ])Iant attaining the tem- 
perature of the surrounding air, unless the plant is long 
exposed to the definite and constant temperature of the plant 
chamber. Observation of the effects of different tempera- 
tures then becomes a prolonged process, with the 
possibility of vitiation of results l)y autonomous variation 
of growth. Reduction of the period of (ixperiimmt ))y 
rapidly raising the tempi?rature of the chaml)er introduc(‘s 
fresh difficulties; for a sudden variation of temperature 
often acts like an excitatory shock. 'Idiis drawback may 
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to sonrui oxtent bo obviate 1 by ensuring a gradual change 
of t(‘mporaturo. This is by no means an easy process, for 
even with cart* tlie rist* of teinp(*raturc of the air cannot 
bo made pTfectly uniform, and any slight irregularity gives 
rise to Hudrltm fluctuations in the magnified record of growth. 
Another difficulty arises froiTi the radiation of heat- rays 
from the sirles of tlie thermal chamber. These rays, I shall 
in a tlifferent Paper sliow\ induce a retardation of growth. 
Tint elfcct of rist* of ttunperature in acceleration of growth 
is til ns antagonistMl ])y the action of thermal radiation. 
This trouble may be minimised by having the inner surface 
of the thermal chamber of bright polished metal, since the 
radiating pow(‘r of a ])olished surface is relatively feeble. 

The contrivance which I employ for ensuring a gradual 
rise of temperature, consists of a double-w'alled cylindrical 
metallic ves^(*l ; tlu^ plant is placed in the inner chamber, 
the walls of whi(di are coated with electrically deposited 
silver and polished aftc^rwards, and at thi* bottom of which 
there is a litth? water. The spac* hetw'ccn the inner ami 
outer cylinder is filled with water, in which is immersed a 
coiled copper pipt^. Hot water from a small boiler enters 
till* inlet of the coih'd pipe and passes through the outlet 
at fhi* lower end. The water in the outer cylinder is thus 
gradually raised by flow of hot water in the coiled pipe. 
The rate of tlow of hot water, on which the rate of rise of 
temperature depends, is regulated by a stop-cock. The air 
of the inner chamber in which the plant is placed, may 
thus he adjusted for a definite temperature. The small 
quantity of water in the inner chamber keeps its air in 
a humid condition, since dry hot air by causing dcssication 
interferes with normal growth. 

METHOD OF DISCONTINUOUS OBSERVATION. 

Experiment oS . — High magnificatioii records are taken for 
successive periods of ten seconds, for selected temperatures, 
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maintained constant during the particular observation. In 
figure 63 is given records of rate of 
growth obtained with a specimen of 
Kysoor at certain selected tempera- 
tures. It will he seen that the rate 
of growth increases with tlie rise of 
temperature to an optimum, beyond 
which the growth-rate undergoes a 
depression. In the pri'sent case the 
optimum temperature is in the neigh- 
bourhood of 3.PC. 



FUi. — Effect of temj»er:itunM)ii t'rowth, :ui<l «tetern>innt.ion of opt imiirti le.ni- 

peratiire. 


METHOD OF CONTINUOUS OBSERVATION. 

The method of observation that I have described above 
is not ideally perfect, but the best that could be devised 
under the circumstanc *s. A very troublesome complication 
of pulsations in growtli, arises at high temperatures, wliich 
render further record extremely <lilficult. (Growth is un- 
doubtedly a pulsatory phenomenon ; l)ut under favourable 
circumstances tliese merge practically into a continuous 
average rate of elongation. At a high tem[)erature tlie effect 
of certain disturbing factors comes into prominence. This 
may be due to some slight fluctuation in the temperaturi* 
of the chamber, or to the elfect of thermal radiation from 
the side of the chamber. This disturbing influence is inosi 
noticed at about 45°C, rendering the record of growth 
above this point a matter of groat uncertainty. It will 
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presently bo shown that in plants immersed in water-bath 
growth is often fonnd to persist even up to 57^0. 

The only way of rtonoving the complication arising from 
thermal ra<liation li(\s in varying the temperature condition 
of the plant, by direct contact witli water at different teni- 
pciratures. This procedure will also remove uncertainty 
regarding tlni ])ody of tlu^ jilaiit assuming the temperature 
of surrounding non-(*omlucting air. The disturbing effect of 
siubhiu variation of t(*mpt‘rature is also obviated by a more 
uniform regulation of ris.^ of temperature. The inner 
cylinder contaiTiing the plant is filled with water; heat from 
gradually warmed water in the oiiter cylinder is conducted 
across tln^ inn<*r cylinder made of tliin copper and raises 
th(i temperature of the water contained in the inner cylinder 
with great uniformity, A clock-hand goes round once in 
a minute ; the exi)i‘rimenter, kee])ing his hand on the stop- 
cock, adjusts the rat(^ of ris(^ of water in the inner cylin- 
(b*r, so that then* is a rise, say, of one-ti‘nth of a degree 
ov(‘ry t) seconds or of one degroi^ every minute. The mass 
of water acts as a gov<*rnor, and prevents any sudden 
tluctiiations of temperature. Tin* adoption of this parti- 
cular device, (diminatt^d tlu^ (*rratic changes in the rate of 
growth that ha<l hitherto proved so haflling. 

The elongation recorded by tin* Crescograph will now be 
made up of (1) physical expansion, (2) ex})aiision brought 
about hy absor[)tioii of water, and (3) the pure acceleration 
of growth. The diseiitauglement of these different elements 
presented many dilliculties. I was, liowever, able to find out 
the relative values of the first two factors in r(*ference to 
the elongation of growth. This was done by carrying out 
a j)reliinin:iry experiment with a specimen of plant in which 
growth bad been completed. It was raised through 20°C in 
temperature, records being taken both at the beginning and 
at the end. This was for obtaining a measure of the 
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physical change dii*^ to temperaturo, and also of the change 
broughj about by absorption of water. I should state here 
that for the method of continuous record of growth which 
I contemplated, the record had to be taken for about i(S 
minutes. Ihe magnification hail be lowered to SoO 

times to keep the record within the ))late. With this magni- 
fication, the fully grown specimen did not show in the 
record a change even of 1 mm. in length in 1<S minutes, 
while the growing plant under similar circumstances exhi- 
bited an elongation of 100 mm., or more. In records 
taken with low magnification, the elfect of physical change 
is quite negligible. 

DETERMINATION OF THE CARDINAIi POINTS OF (IROWTH. 

The cardinal points of growth are not tln‘ same in 
different plants ; they are modified in the same species 
by the climate to which the plants are habituateil ; the 
results obtained in the tropics may thus be dilD'rent-' 
from those obtained in colder climat(‘.s. At the tiim*. of 
the experiment, the prevailing tempiTatun*. at (Calcutta in 
day time was about dO-’Ch 

TGmperat\ire miniiimni : tlrperimoit fV,). — For the deter- 
mination of the minimum, I took a specimen of S. Kyaotn'^ 
and sul)jected it to a continuous lowering of temperature, 
by regular flow of ice-cold wab^r in the outer v(‘ss(d of the 
plant-chamber. Record was taken on a moving plate for 
every degree fall of temperature ; growth was found to be 
continuously depressed, till an arrest of growth took place at 
220C (Fig. 64). 


The arrested growth was feebly revived at 2\\ C, after 
which with further rise of temperature there was increased 
acceleration. The optimum point was reached at about 34^0. 



178 


LIFE MOVEMENTS IN PLANTS 


111 HOim‘ plants tlio optimuni is reached at about 28 C, and 
the rate remains constant for the next 10 degrees or^ more. 



. 0 0 p 

) 



Fk;. i‘. I. Fk;. 6;'). 

Fi<;. Gl. -Krc.nl of fifoct ot' f.tll «)f iirc frDiii to arrest of [growth 

at Ty(\ 

Fk;. -FtVfcl of ri^(* of temperatup- from oit-'C’ to OO^C. A sudden 
conhact ion, indic.it iv»‘ of <U.at h-spa.^m, lakes plac(‘ at OO^C. 


Trnijjevfdure h\rpenment 00. — For the deter- 

iniuatien of tlii^ maximum, the ttunperature was raised much 
liigher. At ’h) F. growth was found to be greatly retarded 
with practical arrest at oS At GO there occurred 
a suddtMi s[)asni()dic contraction (Fig. Go), which I have 
shown tdsewhere to be the spasm of death. This mechanical 
spasm at GO (■ is also strikingly shown by various piilvinat- 
ed organs. An electric spasm of galvanonK^tric negativity, 
and a sudden diminution of electrical resistance also take 
plact* at til' critical temperature of 60 "C.* 

1 have di'scribod tin* immediate effect at the critical 
p«)int. Long maintenance at a temperature few degrees 

♦tlosK -“Plant Hesptm.s’p -Comparative Kkctro-Physiology,” p. 202,. p ■ 
ntfi. 
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below 60^0, will no doubt bo attended with the death of 
the organ. Fatigue ia also found to lower the death-point. 


THE THERMO-CRESCENT CURVE. 

Experiment 66. — I was next desirous of devising a method 
by which an automatic and continuous record of the plant 
should enable us to obtain a curve, which would give 
the rate of growth at any temperature, from the arrested 
growth at the minimum to a temperature as high as 40^0. 
In order to eliminate the elements of spontaneous variation, 
the entire record had to be completed within a reasonable 
length of time, say about 18 minutes for a rise of as many 
degrees in temperature. This gives a rate of rise of I°(y. 
for one minute. Separate experiments showed that at this 
rate of contlnuouii rise of temperature there is practically 
no lag in the temperature assumed by thin specitmms of 
plants. For observation during a limited rang(5 I use the 
slower rate of riso at PC per two minutes. But the result 
obtained by Blow(ir rise was found not to difl’er from 
that obtained with one degree rise per minute. Tlie curve 
of growth is taken on a moving plate, which travels rnum. 
per minute. Successive dots are made by the recording 
lover at intervals of a minute during which the rise of 
temperature is 1®0. A Thernvhcrescent Carve is thus obtained, 
the ordinate of which represents increment of growth, and 
the abscissa, the time. As the temperature is made to rise 
one degree per minute, the abscissa also represents rise of 
temperature (Fig. 60). The vertical distance between two 
successive dots thus gives increment of growth in one minute 
for 1 degree rise of temperature from T to T'. If I repre- 
sents this length, t the interval of time (here 60 sec.), and 
m the magnifying power of the recorder, then the rate of 
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TABLK XI. — RATK OK (JROWTH FOR DIKFKRENT TEMI’ERATItRES. 


Temjieratnre. 

(irowth. 

Temporal lire. 

Growth. 

220C ... 

0*00 /JL per sec. 

... 

0*45 yx per sec. 

23^0 

0-02 ^ „ „ 

32^0 ... 

0*()0 yx „ „ 

24^0 

0*04 ,, ,, 

: 5 : 50 c ... 

0-8() ,, „ „ 1 

25°G 

0*0b y/. ,, „ 

34^(^ ... 

0-92 „ „ 

26^0 

0-()8 ^ „ ., 

37)^0 ... 

0*84 yx „ „ 

27^0 

0-12 11 „ 

' 3rro ... 

0*()4 yx „ „ 

28^0 

O'li) yi, ,, 

:\7oc ... 

0 1 yx 

29^C 

0*22 /. „ „ 

.38 Ml ... 

0*;)0 yx „ „ 

30OC 

0*32 y/ ,, ,, 

39o(^ ... 

0*10 yx „ 

j 

I give in figure 07 a curve i 

showing tlu‘ 

rtdation iiefwoen 


temperatiiro and growth. 



I^IG. 67.— Curve showiug relation between temperature and rate of growth 

U A. 
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It will thna be that, in the course of an experiment 

last;i)^< about twenty minutes, data have been obtained 
which enabl <5 us to determine the rates of growth through 
a wide rang(! of temperatur(‘. We have likewise been a])le 
by the first method to mak(‘ very accurate determinations 
of the temperature maximum and minimum. In short, by 
adopting tie* inethodvS descril)ed, the cardinal points ol 
growth and the rate of growth at any temperature, may 
be det«‘rmini‘d with a prt^cision unattainable by the older 
methods, of av<;rag(is or of prolonged observation. 


SUMMARY. 

Temperatures induc(‘s variation in tins rate of growth. 
In accurate detiTinination of the growth, the disturbing 
(dfect of radiation of heat has not be eliminated. 

A c.ontimiouH record of growth under uniform rise of 
t(mip(‘raiure gives thi* Thi‘rmo-(Tescent curve, from which 
ilu^ rah^ of growth at any temperature may be deduced. 

I)ilfcr(mt plant-ti.ssues exhi})it characteristic differences 
in their cardinal points of growth. In Kij$ooi\ growth is 
arrested at the nmiperaturt* minimum of 22°C. The 
optimum teinjieraturt* is at after which growth-rate 

dt-clines and becomes completely arrested at 58^0. At G0°C. 
there is a sudileu spasmodic contraction of death. 

In other plants the cardinal points are different. In 
s.one plants the optimum growth is attained at 28^0. and 
remains constant up to 



XII.— THE EFFECT OF CHEMICAL AGENTS ON 
GROWTH 




Sir J. C. l^osE, 


Assisted htf 
GURUPRASANNA DAvS. 


Chemical aiifcnts are fouiul to oxert characteristic actions 
on i'rowth. The method of investigation sketclied Jiere 
opens out an extcmded field of investigation. The (dlect 
of a chemical substance, I find, to \n^. modified by (I) the 
stivmgth of the solution, (2) the duration of application, 
and (3) the condition of the tissue. A poisonous substance 
in minute doses is often found to exert a stimulating 
action. Too long coutiniKMl action of a stimulant, on tln^ 
other hand, ex(U*ts a depressing effect. The influence of 
th(i tonic condition is sliown by tln^ fact that wliile a 
given dilution of a poisonous substance kills a weak 
specimen, the same poisonous solution, applied to vigorous 
specimen, actually stimulates and enhances the* rate of the 
growth. I give ])elow descriptions of a few typical re- 
actions. 

The reagent, when in a liquid form, is locally a})plied 
on the growing organ. The records, takcui before and after 
the application, exhibit the stimulatory or d(q)ressing 
charactcu’ of the reagent. A ditferent method of applica- 
tion of the reagent is employed for plants with extended 
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rej'ioii of ^Mowth. Th»‘. specimen is then enclosed in a 
eylindor, witli inl(‘t and ontl(;t pipes. The cyliiKler is 
first filh^d with water, and the normal rate of growth 
n*(!orded. 'I'hiH rate remains constant for several hours ; 
hut pre,venli()ii of access of air for too long a time affects 
the normal growth. After obtaining normal record, water 
charged with tl»e giving chemical agent is passed into tin* 
cylinder ; and the siihse<|uent reta)r«l shows the character- 
istic (ilVee-t of th<* reagent. The introduction of a gas into 
theehainlier oilers no dilliculty. 

()F STIMCIiANTS. 

Ilfidrof/Pil I'idr : hjj'jtn'nneut 6T\ — This reagent, as 
supplied by M(‘ssrs. Parke Davis I'c. (h>., was diluted to 1 
p('r cent, and applied to tin* growing plant. Its stimulating 
a(dion on growth is deiaonstrat<el in the right hand record 
of l''ig. liSrf, where tin* rate of growth is seen enhanced 
two ainl a half times tin* normal rate. 



l'i», I'.dri't. »it I’luMuic.il ; (a) Acceleration of i^rowth iiiuler 

\h) Kllcet of N)l,. i.rolituiji.jry acc.-ltM:i* ioti followed by retardation, [c) Effect of 
(‘tlici tF) :oiii iv’covery (A) 


Atiumnua .* hA'jteniwni fjs , — The immediate etl'ect of 
dilute vapour ol this reagt'iu is an enhancement of growth, 
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seen in the middle record of Fig. CM, where the rate is 
seeii ta be double the normal. Coii tinned action, however, 
caused a depression ; the third record of this serit‘S shows 
this, where the reduction is three-fourths of the normal rate. 

EFFECT OP ANtI^ISTHETICS. 

Ether : Experhnent 64 , — In Fig. IhSc, the records exhibit 
the effect of inlroductioii of ether vapour into the plard 
chamber, and its recovery after the removal of the vapour. 
Ether is seen to depress th(‘ rate of growth to a little more 
than a third of the normal rate. The recovery is seen 
to be nearly comphde half an hour after the removal of 
the vapour. 

Carbonic Acid: Experiment 66 , — The action of this gas 
is very remarkable. The plant was immersed in water 

and normal record taken ; the 
plant chamber was now filhul 
with water, charged with 
carbonic acid gas. This induced 
a very marked acceh^ration of 
growth (hig. ()9). In a s ‘c 1- 
ling of Onion, the incr(*ase 
was found to be two and a 
half times. In the flower bud 
of CrDniin, the rate was found 
enhanced threefold from th<^ 
normal 0*25 /x to 0*75 p per 
second. After this preliminary 
enhancement, there was a ile- 
pression of growth within In 
minutes of the ajjplication, the 

Fie. Gl). — EtFect of Oo.j. (a) Noniuil reconI; (6) irninedialely after applica- 
tion of CO.j an(i (c) 15 minutes after. 


a b c 
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rat(i ))eing now reduco^I to 0*15 (x per second. These effects 
wore found to take place equally in light or in dark^ness. 


action op different gases. 

(Joal (ra^ : Experimenl 06, --Coal gas induces a depres- 
sion. It is curious that subjection to the action of this gas 
does not })ro(luee so evil an effect as one would expect. 
I'ln^ introduction of the gas liad reduced the growth-rate 
lo more than half ; hut there was a recovery half an 
hour after the introduction of fresli air. 

Sul phu retted Hydrogen : Kcperimenl 67, — This gas not 
only extorts a depr(‘ssing efft ct, hut its after-effect is also 
very persistent. The plant experimented on was very 
vig(»rons and its rat(‘ of growth was dt'pressed to half hy 
snhjection to the action of the gas for a short time. The 
record taken half an liour after the introduction of fresh air 
did not exhibit any r(‘cov»‘ry. 


ACTION OF POISONS. 

Annnonium Sulphide: Experiment 68 . — This reagent in 
diluti‘ solutii)!! retards growth, and in stronger solution acts 
as a ])oi.son. Tlie following results were obtained with a 
\s h(‘at si‘odling under different strengths of solution: — 

Normal rate ... 0*)#0 [x per sec. 

0*5 per emit, solution ... 0*1 5 p „ „ 

h „ „ „ ... 0*08 /X „ „ 

Copjier Suljihate : Experiment 69, — The effect of a solu- 
tion of tills reagent is far more depressing than the last. 
Oiu* per emit, solution acting for a short time depressed 
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the rate from 0*45 /i to 0*13 ft per sec. Long continued action 
of the poisonous solution kills the plant. 

SUMMARY. 

The effect of a chemical agent is modifietl by the 
strength of the solution, the duration of application and 
the tonic condition of the tissue. 

Dilute solution of hydrogen peroxide induces an accele- 
ration of growth. 

The action of dilute vai)Our of ammonia is a prelimin- 
ary enhancement followed by depression of growth. 

Ether vapour depresses the rate of growth. On the re- 
moval of the vapour there is a recovery of the normal 
rate. 

The effect of carbonic acid is a great enhancement of 
the rate of growth ; after this preliminary action, growth 
undergoes a decline. The effect described takes ))lace 
equally in light or in darkness. 

Ccal gas induces a depression of the rate of growth 
from which there is a recovery after tln^ removal of tin? 
gas. The action of sulphuretted hydrogen is far more 
toxic, the after-effect being very persistent. 

Solution of ammonium sulphide induci^s increasing re- 
tardation of growth, with the strength of the solution. 
Copper sulphate solution acts as a toxic agent, retarding 
the rate of growth and ultimately killing the plant. 



XIII.--KFFK(:T of vauiation of turoor and of 

TFNSION ON GROWTH 


Sir . 1 . 0 . Bosr. 

of leaves of sensitive plants are caused 
!)>’ variation of tiiri'or in the pulvinns induced by 
St i in ulus. Tli(‘ down movenuMit or negative response of 
Minnina is cuuscmI by a diminution or negative variation of 
turgor, while th(5 erection or positive response is brought 
about l)y jin increase, or p(>sitive variation of turgor. 

W(‘ shall now inv(3stigate the change induced in a 
growing organ in the ratt* of growth by variation of turgor. 
Turgiu' may be increased by enhancing the rate of ascent 
of sap or by an artificial increase of internal hydrostatic 
pressure. A diminution of turgor may, on the other hand, 
be ])roduceil by withdrawal of water tlirongh plasmolysis. 
In ord«*r to maintain a constant t(*rminology I shall desig- 
nate ;in increasi‘, as the j)ositive, and a diminution, the 
negativt* variatimi of turgor. 

UKSPONSK to positive variation of turgor. 

Ill t^xpm'inienting with Mi?}iosa tlie plant was subjected to 
the condition of drought,, water being withheld for a day. 
On supplying water, the leaf, after a short period, 
exhibiteil a nesitive or erectile movement { Expt. 1*^), 

I he delay was ovidi'iitly due to thi^ time taken by the 
wat«‘r absorbed by root to reach the responding organ. 

Method oj Irngation : E.cprmnrnt 70. — In order to investigate 
the eiVeet of enhanced turgor on growth, I took a specimen of 
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Kysoor which had been dng up with an attached quantity of 
3 oil ; this latter was enclosed in a small bag. The plant was 
then securely clamped and fixed on a stand. This precaution 
was taken to prevent upward displacement by the swelling 
of the soil in flower pot of the plant under irrigation. 
The specimen was then subjected to a condition of drought, 
water being withheld for a day. The depressed rate of 
growth is sccjn in record (Fig. 70). Ordinary cold water 
was now applied at the root, the effect of 
which is seen in record C. Finally the 
record (IT) was obtained afttn irrigation with 
tepid wafer. It will be seen that the spaces 
between successivt^ dots, repri'senting magni- 
fied growth at intervals of ten seconds, are 
very different. While a given (dongation 
took place under drought in 19x10 seconds, 
a similar lengthimi ng took place, after irri- 
gation witli cold water, in IdxlO seconds, 
and after irrigation with warm wtiler in 
d X 10 seconds. Irrigation with warm watm* 
is thus seen to increase the rate of growth 
more than six times. 

FuJ, To. — Filtocl <jf Irrij^ut ioii : I>, rer»inl of «;ro\vth uinicr droii^ht. ; (!. 

;ic(*eleriuioii lifter irrij^jiuoti v\ ith cold \\ liter ; H, eiihaii<*(Ml aecelcral ion on irrigation 
with warm water. (S. Kf/foor.) 

'fhe enluinc(*mejit of tln^ rate of growth on irrigation 
with cold w'aler took place after seventy seconds. The 

interval will obviously dt^pend on the distance hetwetui 
the root by which the water is ahsorhetl and tin* r(\gioii 
of growth. It will further dtq)end on tin* activity of tin* 

process of the ascent of sap. Tln^ time interval is greatly 

reduced when this activity is in any way increaseni. Thus 
the responsive growth elongation after ai)plicati()n of warm 
water was very mucli quicker ; in tin* case described it was 
less than 20 seconds. With regard to a})plication of warm 


0 H 
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water, the variation of temperature should not be too 
sudden ; it should commence with tepid, and end with, warm 
water. Sudden application of hot water l)rings about certain 
coin})lications due to t^xcitatory effect. As regards the per- 
sistence of after-effect of a single application of warm 
water, it should Ixi remembered that the absorbed water 
gradually cools down. In an experiment with a peduncle 
of Zejihiiranthea the growth under partial drought was found 
to he ()*()! /X per second ; apidication of warm water increased 
the growth rate to 0*20 /x per second. After 15 minutes the 
grow til rate fid I to 0111 /a per second ; and after an hour 
to 0*0, S /X prr second. It will be noted that even then the 
rati^ was twice the initial rate before irrigation. 


Xn. — KKFKOI OF IRUIOATION. 

(h>nditioii of Kx])eri- 
nuuit. 


'I’Alil.K 


SptH’-imen, 

Kj/soor 


lh*duncle of 
ranfdtes. 


Dry soil 

Irrigation with cold 
water ... 

Irrigation with warm 
wator ... 

Dry soil ... 

Irrigation with warjii 
water ... 


Rate of growth. 

0*21 {i per second. 

0-:i0 /X „ 

1*11)1 /X ,, „ 

0*04 /X „ „ 

0*20 /X ,, „ 


EFFEtrr OF ARTIFICIAL INimEASK OF INTERNAL 
HYDUOSTATfC PRESSURE. 

Iiicreas Ml turgor was, next, artiticially induceil by increase 
of int(‘rnal hydrostatic pressure. 

K.vpeviinent 7/.— The ])lant was mounted water-tight in 
the short limb of an U-tube, and su])jected to increased 
hydrostatic pressure by increasing the height of the water 
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in the longer limb. Table XIII shows how incroasiiig pres- 
sure enhances the rate of growth till a critical point is 
reached, beyond which there is a depression. This critical 
point varies in different plants. 


TABLE XIII. — EFFECT OF INCREASED INTEHNAL H\DR()STATIC FRESSUUE 
( Kffsoor), 


Specimen. 


Hydrostatic pressure. 


Kate of growth. 


No. I 
j No. II 


Normal ... 

2 cm. pressure 
1 cm. „ 
Normal ... 

1 cm. pressure 
.‘I cm. „ 

4 cm. „ 


0*1 S per second. 
0-20 /. „ 

0*1 1 fL „ „ 

0*1.4 „ 

0-20 f. „ , 

0*18 //, ,, „ 

0*15 /i, ,, „ 


UKvSPONSK TO NE(JATIVE VARIATION OP TURGOR. 

I shall now describe the influence of induced <liminution 
of turgor on the rate of growth. 

Method of plaHmolijais : bJxperimrJit 72. — Keing desirous 
of deraonsf rating the rcspon8iv(‘ growth 
variations of opposite signs in an idtm- 
tical sjiecimeii umler alternate increase 
and diminution of turgor, 1 continued 
the experiment with the saim* peduncle 
of Zephyrdnlhes in whicli the growth 
acceleration was induced by irrigation 
with warm water. In that experiment 
the growth rate of 0*01 // per S(*cond 
was onlianced to 0*20 /x })(5r second 
after irrigation. A strong solution of 
KNO.; was now' applied at the root; 

71 P^fTect of alternate increase and diminution of turgor on tbf Haine 

srK'clmea : N, normal rate under drought. ; H, enhanced rate under irrigation'witli warm 
water; N', normal permanent rate after irrigation; P, diminished rate aftfu* plasrno- 
lysis {Zephymnthes). 


N H N P 
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and "rowth-rate fell ahnost immediately to 0*03 /a per 
second, or nearly to one-third the previous rate, the depres- 
sion in<luc(‘(l beini' thus greater than under condition of 
drought (Fig. 71). 


TAiaa: xiv. — ki'Ki;* r Af/nar.Ai k variation ok tiircjor on (jrowtu 
(X('jihj/ra7itfn'}i). 


Condition of Fxpo.ri immt. Rate of growth. 


j Dry soil 

i Application of warm wat(‘r 
I Steady growth aft(‘r I hour 
j Api)lication of KND ^ solution 


... 0*04 [I per second. 

... i 0*20 /A „ „ 

... I 0*0H /X „ „ 

... : 0*03 /X „ „ 


From t'he si^ries of results that have been given above, 
it will b(' s»‘en tliat em})loying v(*ry di(l'er(mt methods of 
turgor variation, the rate of growth, within limits, is en- 
hanced l)y an increas<» of turgor. A diminution or nega- 
tiv<‘ variaii<»n of turgor, on the other hand, brings about 
a retardation or lu'gative variation in the rate of growth. 
Wo should, in this eonm*ctioii, hear in mind the fact that, 
growth is dopendetit on protoplasmic activity, and the varia- 
tion of turgor itself is also determined by that activity. 


KESPONSK of MOTII.E and (JROWlNt; ORGANS TO 
VARIATION OF TURGOR. 

I have already described ([), 40) the effects of varia- 

tion of turgor on the motile pulvinus of Mimosa. There is 
a strict correspondence between the responsive movement of 
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the leaf of Mimosa and the movement due to gj-owth, 
which is summarized as follows : — 

(1) increase or positive variation of fart for in- 
duces an erection or jmitive response (f the 
leaf of Mimosa, and a positive variation or 
enhancement of the rate of (/ north, 

(2) diminution or negative variation of turgor 
induces a. fall or negative response of the leaf 
of Mimosa, and a negative variation or retarda- 
tion of the rate of growth, 

EFFECT OF EXTERNAL TENSION. 

Experiment 7S , — The recording levers are at iirst so 
balanced that very little tension is exertcil on the plant. 
Record of normal growth is taken of a specimen of Crinum, 
The tension is gradually iiicn^ased from one gram to ten 
grams. The table given above shows how growth-rate in- 
creases with the tension till a limit is reacheil, after which 
there is a retardation. 


TABLE XV. — KKFEiT OK TENSION ON GROWTH. 


Tension. 

Rato of growth. 

0 (Normal) 

' 

0*41 p })er second. 

4 grams 

0*44 p ,, „ 

b ,, ••• ... ... 

0-4S „ 


! 0-.)2 p „ ,, 

1 10 „ 

0*40 p „ 


SUMMARY. 

Increase of turgor induced by irrigation enhances the 
rate of growth. Irrigation with warm water induces a 
further augmentation of the rate of growth. 
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Th<i latent period for enhancement of growth depends 
on the disfanco of glowing region from the root. , The 
latent period is rcMluced when the plant is irrigated with 
w'arin water. 

Artificial incn*a8e of internal hy»lrostatic pressure, up to 
a critical degre(‘, tnihances the rate of growth. 

A dirninniion or negative variation of turgor depresses 
th(i rale of growth. 

There, is a strict correspondence between the responsive 
movement of the leaf of Mimom^ and the movement due 
lo growth. An incr(‘ase or positive variation of turgor 
imluces an. (T(‘Ction of positive response of the leaf of 
and a positive variation or enhancement of the 
rate of growtli, A diminution or negative variation of 
turgor induces a fall or negative response of the leaf of 
and a negative variation or retardation of the 
rat<5 of growth. 

KKternal tension within limits, enhances the rate of 
growth. 
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B!/ 


Sir J. C. Bosk, 

Assisted by 

(rUIUJRRASANNA DaS. 

In plant physiolo^yy, the word ‘stimulus* is often used 
in a very indefinite manner. This is prol)a])Iy tine to t)ie 
different meaning's wliich have been attaclunl to the word. 
An a^ent is said to sti}nuJate i^rowth, wluui it induees an 
acceleration. But the normal (dfect of stimulus is to cause 
a retardation of ^'rowth. It is probably on account of 
lack of precision in the use of the term that wo often 
find it stated, that a stimulus sometimes accelerates, and 
at other times, retards growth. In order to avoid any 
ambiguity, it is very desirabh^ that the term stimulus 
should always be used in th(^ sense as definite as in 
animal physioloi'y. An imluction shock, a condenser dis- 
charge', the make or break of a constant current, a 
sudden variation of ttunperature, and a mechanical shock 
bring about an excitatory contraction in a muscle. These 
various forms of stimuli caus(^, as we havt^ seen, a similar 
excitatory contraction of the motile pulvinus of Miwosd 
))ndira. We shill (mquire whether the diverse forms 
of stimuli enumeratt‘d above, exert similar or dilforent 
reactions on the growing organ. 

EKFECT OF KRKCrRfC STIMULUS OF VARYJNO INTKNSITV 
A\n OUR ATI OX. 

1'he form of stimulus which is (Extensively u.sed in 
physiological investigations, is the electric stimulus of 


15 
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induction shock which is easily graduated fiy the use of 
the well known sliding induction coil, in which the 
Hpi)roach of thr* secondary to the primary coil, inclicated 
hy the higher reading of the scale, gives rise to 
increasing intensity of stimulus. The retarding effect of 
(dectrical stimulus on growth has already been domou- 
strato<l in record taken on a moving plate (Fig. 61). 

I shall adopt for unit stimulus, that intensity of electric 
shock which induces a !)aroly perceptible sensation in a 
human being. It is very interesting to find, as stated 
hid’ore, that growth is often affected by an electric stimulus, 
which is below the range of human perception. 

of : K.rppvivievl 74. — I shall now de- 

serihe a typical (experiment on tin; effect of intensity of 



Kilt. — KM't'Ot.s (if cltTirical *.tiiiinhis of increasing intensities: of 0'2;> unit, 
\ Unit, :»nd d units. Short dashes rejirea^nt the moments of application of 
8t iinnl 'S. 
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stimulus ill retarding the rate of growth. The normal 
rate of growth of the bud of Crinum was 0*35 fx per 
second. On the application of electric shock of unit inten- 
sity for 5 seconds, the rate became reduced to 0* IX ptn- 
second. When the stimulus was increased to 2 units, the 
retarded rate of growth was 0*07 /a per second, Wlum 
the intensity was raised to 4 units, there \vas a complete 
arrest of growth. In figure 72 is given records of a 
different experiment which show the effects of increasing 
intensity of stimuhis in retardation of growth. 

Effect of continonm stimulation : E.rpcr intent 7o * — 
The effect of continuous stimulation of increasing in- 
tensity will be seen in the record (Fig. 711), taken on. a 



Fl(}. 7;l.— >jtfect of coniiniiou.^ oleotric Htimulatiou of inercH.-sin;^ inl(«r)sit.y. 
The liiHt roeonl exhibits the actual shortening of the growing ergun inuhr 
strong stimulus. 


moving plate. On application of continuous stimulus <d' 
increasing intensity an increased flexture was produced in 
the curve, ^yJucll denoted greater retardation in the rate 
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of f^rowth. Whoii tlio intensity of stimulus was raised to 
3 units, there was induced an actual contraction. 


CONTI N UTTY BETWEEN INCIPIENT AND ACTUAL 
CONTRACTION. 

It will thus he seen, that external stimulus of electric 
shock induces a reaction which is of opposite sign to 
the normal growth elongation or expansion. We may con- 
veniontly (l(‘scrile^ this ell’ect as ‘incipient’ contraction; 
for under incr(*asing intensity of stimulus, the contractile 
r(ui(dion, ()|)posing growth (dongation, becomes more and 
mort^ pronouncAMl ; at an intermediate stage this results 
in an arrest of growth ; at the further stage, it culmin- 
ates in an actual shorttuiing of the organ. There is no 
l)r»‘ak of continuity in all these stages. I shall, therefore, 
us(^ the term ‘ <5()utraction ’ in a wider sense, including 
the ‘incipient* which tinds expression in a retardation 
of growtli. 

In d'ahh^ XVI is given the r(‘8ult8 of certain typical 
ex|»eriments on the elfect of stimulus of increasing inten- 
sity and duration. 


lAllLK XVI.— KKKKirr OK INTKNsriY AND DUHATION OK KLK(!TK1(’ STllViri.lIS 
ON OHOWTH. 


Duration of 
Application. 


Intensity. 



Kate of growth. 


I 


' Xorinal 

seconds ... 1 unit 

,, ... 2 units 


O'M) /A per second. 

/A „ 

0-07 /X „ 

ArreSt of growth. 


Normal 

Continuous sliuiu- O’o unit 
latiou j 

! 1 

! ;5 


0*110 /A per secoml. 
0-20 „ „ 

0-09 „ „ 

(.'ontractiou. 
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With regard to the question of iiiiiiuMiiate and after- 
effect* of stimulus, I find great difficulty in drawing a 
line of demarcation. Owing to physiological imndia tlieiv^ 
is a delay between the application of stimulus anil the 
initiation of responsive reaction (latent period) ; owing to 
the same inertia, the physiological reaction is continued 
even on the cessation of stimulus. All responsive reactions 
are thus after-ellVcts in reality, ddie latent period is 
shortened under strong stimulus, but the contractile reaction 
becomes more persistent. When the stimulus is moderate 
or feeble, the recovery from incipient contraction takes place 
within a short time. Stimulus, under certain circumstances, 
is found to improve the ‘tone’ of the tissue, and as we 
shall presently see bring about, as the after-effect, an 
enhancement of the rate of growth. 

The effect of eh^ctric stimulus is thus an ii cipiimt 
or actual contraction. 


SUMMARY 

In normal conditions electri(; stimulus induces an inci- 
pient contraction exhibited by th(J retardation of the rate 
of growth, (irowth is often affectiMl by an (di^ctric stimu- 
lus which is below liunian perception. 

Under incretising intensiLy of stiiniiliis, the conlractili! 
reaction opposing growth elongation becoiinss mon^ and 
more pronounced. At a ciitical intensity of siininlus 
growth becomes arrested. Under strongm* intensity of 
stimulus growing organ undergoes an actual shortening in 
length. 

There is continuity between the incipient contraction 
seen in retardation, arrest of growth, and contraction of 
the organ under stronger stimulus. 

The latent period of resp^msive variation f)f growth 
is shortened under stronger stimulus, but tlie period of 
recovtTy b(*emnes ])rotr acted. 



XV.— KFFECT OF MP’CHANICAL STIMtJLtJS ON 
GROWTH 

Jiy 

SiH J. C. UOSK. 

A!in)nf(Ht tht* various stimuli which iuiluco excitation in 
Minium may he imjiitioned the irritation caused by rou^h 
coutach by pri(ik, or wound. Friction causes moderate stirnu- 
laliou, from which (he (jxcitated pulvinus recovers within a 
short tiim;. Hut a prick or a cut induces a far more in- 
tense a!nl persistent <‘xcitaiion ; the recovery becomes pro- 
tracted, and the wounded pulvinus remains contracted for 
a lon^ jieriod. 

I shall now describe the etfoct of mechanical irritation 
on ^o’owth. For moderate stimulus, I employ rou^h con- 
tact or friction ; m<»re intensi^ stimulation is caiiseil by a 
prick »)!• a cut. 


KKhUiCT OF MKCHANIOAL IRRITATION. 

E.rin)} inn'ni 70. — In this experiment, I took a peduncle 
of Zfiphjirantln’Sy which hail a normal rate of j'rowth of O'lH /x 
per second. I then caused mechanical irritation by rub- 
bing the surface with a piece of card-board. The mecha- 
nical stimulation was found to have caused a retardation of 
growth, the depressed rate being 0*11 fi per second, or three- 
fifths the normal rate. As this particular mode of stimula- 
tion was very moderate, the normal of rate growth was 
found to be n'slored after a short period of rest. After 15 
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minutes, the rate became 0*14 ^ per seceml ; after an 
hour *tlie recovery was complete, the rate beiiii? now 
0*18 /X per second, the normal rate before stimulation 
(Fig. l4a). We shall presently see that not only is the 
growth rate greatly depressed under intense stimulation, 
but the period of recovery also becomi's very much pro- 
tracted. 

I have often been puzzled by the fact, that s[).ecimens 
apparently vigorous exhibited little or no growth, after 
attachment to the reconler. After waiting in vain for an 
hour, I had to discard them for others with equally un- 
satisfactory results. Oni' of these specimens hap[)emMl to bi^ 
left attacheil to the recorder overnight, and T was surpris(*d 
to find that the specimen, which had shown no growth the 



Foi. 74. — (a) N, normal rate of j^rowth; F, retanlcl rate irnmoillately after 
friction; A, partial recovery after ir> minutes. 

(6) N, normal; W, immediately after wound: an horn* after. 

(Snccesaiv<3 dotA at intervals of .V'.) 

previous evening, was now exhibiting vigorous growth after 
being left to itself for 12 hours, I then realised that the 
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temporary abolition of ^»ro\vtli must have been due to the 
irritation of sonn^what rough handling during the process 
of mounting and attachment of the specimen to the recorder. 

In tln^ mathT of im^chanical stimulation, some specimens 
are more irritable than oth»TS. The persistence ot after- 
effect of irritation in retardation of growth will be demon- 
strate.(l in the following experiTinmts, where? the stimulus 
(‘inployed was morii inttmse. 


1<]VFKC/V OF WOUND. 

A prick causes an intense^ excitation in Mimosa. I tried 
tin? effect of fhis form of stimulation on responsive varia- 
tixui ill growth. 

Fjj'perimejd 77 . — The specimen was the same as had been 
employed in the last experiment. After moderate stimula- 
tion due to friction it had, in tin? course of an hour, com- 
pleUdy recovered its normal rate of growth of 0‘1(S ^ per 
second. I now applied the stimulus of j)in prick ; the accual 
injury to tlu? tiss le due to this was relatively slight ; but tln‘ 
r«*tardation of growth induced by this more intense mode 
of stimulation was very great. With moderate mechanical 
friction the rate had fallen from 0*18 p to 0*11 /x per 
second, to throe-tifths the normal rate; in cons(‘quence 

of prick the <loprossiou was from 0*18 fji to 0*05 /x per 
second, to b*ss than a third of the normal rate. After 
If) minutes the rate recovered from 0*05 jx to 0*07 /x per 
second. After moderate friction the recovery was complete 
after an hour ; hut in this case the recovery after an 
equal int<Tval was only thna'-fnurths of the original, the 
rate being now 0*12 /t per second (Fig. 33b). I next applied 
the more iut^-nse stimulus caused by a longitudinal cut, 
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This caused a depression of jjfrowth rate to (VOd fi. per 
second. A transverse cut, T find, ^ives rise to a more 
intiMise stiiniihif ion, than a lonufitiidinal slit. 


TAIU.K XVn. — ‘Wb'b'Ki’l’ OR MKeiI\MI(!AL IHIilOAnON ANO Ob' WOUND 
«)X (JUOWTII. 

( Zep fill ran 


Nature of stimulus. (hniditiim. 

Hate of growth. 

Mechanical fric- Normal rate 

O’ IS fi })(‘r sec. 

tion. 


Immediately after sti- 


mulation 

0*11 fi „ 

15 minutes afbT sti- 


mulation 

0-11 IX „ 

bo ininut(\s after sti- 


1 mulation 

()*1S 11 ,, 1 

1 Prick with neinlle Normal rate 

1 

0*1S p per sec. 

j Immediately aft(u* sti- 


! mulation 

0’05 p „ 

! 15 minutes after sti- 

1 

1 mulation 

0-07 /A „ 

1 I bO minutes after sti- 


i 1 mulation 

1 1 

O' 12 /A „ 


The effect of mechanical stimulus on growth is thus 
similar to that induce<l by electrical stimulus. Moderate 
stimulus of rough contact induces an incipient contraction, 
seen in retardation of growth, the recovery being complete 
in the course of an lioiir ; but intemse stimulation, induced 
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by wouikI, giveH rise to greater and more persistent retarclation 
of growth. 


SUMMARY. 

Mechanical stimulus inductss incipient contraction or re- 
tardation of rate of growth, the effect being similar to that 
induced by electric .stimulus. 

Stimulus by contact or friction induces a retardation 
which is, relatively speaking, moderate. On the cessation 
of stimulus th(^ normal rate of growth is restored within 
an hour. 

lnlens(* stimulation caused by the wound gives rise to 
greater ami more [)ersiHt(*nt retardation of growth. 



XVI.— ACTION OF LIGHT ON GROWTH 


By 

Sir J. C. Hose, 

Ai^sisM hi/ 

Guruprasanna Das. 

The next subject of incjuiry is the normal elVect of light 
on growth. I speak of the normal ellect l>t‘, cause, under 
certain dehnite conditions, to be described in a later PapiT, 
tlie ri'sponse undergoes a reversal. Tlu‘ Crescograpli is 
so extremely sensitive that it records the elVi‘ct of (*ven 
the slightest variation of light. Thus, as I have already 
mentioned, the opening of the blinds of a moderately- 
lighted room induces, within a short tinu*, a marked 
change in the record of the rate of growth. The condi- 
tions of the experiment would thus Ix^come more precise 
if the growth-rate in the absence of light is taken as tlm 
normal. The specimens are, therefore, kept for si‘vm’al 
hours ill darkness before the experiment. Hut this should 
not be carrieil to the extent of lowering tlui h(‘althy tone 
of the plant. 

I shall, in t'he present Paper, determine tin; characteristic 
response to light in variation of growth, tlui latent p(u*io<l 
of response, the ellects of light of increasing intensity ami 
duration, and the effects of the visible and invisible rays of 
the spectrum. 


METHOD OP EXPERIMENT. 

The plant was placed in a glass chamber kept in humid 
condition. The sources of light employed were; (1) an 
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arc-lump with sclf-re^'ulatiug arrangement for securing steadi- 
ness of light, and (2) an incandescent electric lamp'. Two 
inclincMl mirrors were placed close behind the specimen se 
that it should bo actod on by light from all sides. 


NORMAL EFFECT OF LIOHT. 

Fjj perhiirut 7 A. — 1 shall first give records obtained with 
Kfjunnr on the action of light, d’he fii\st series exhibits the 
norjnal ratc^ of gr(»wth in darkness; in th(^ next the retar<l- 
ing effect of light is seen in the shortening of s[)acings, as 
coinpare(l with the normal, between successive dots. The 
liglit was next cut off and record taken 
once more after half an hour. Growth is 
now S(H*n to have recovered its norinul 
rale (Fig. 75). With regartl to the after- 
i‘lft‘ct of light I may say in anticipation that 
tlnn-e are two differ mt results, which (h'pend 
on the ])hysiological condition of the tissue. 
In a tissue whose tonic condition is below 
par, tiie aftt‘r-elf(*ct is an acceleration ; but 
with (issues in an 0[)timiim coiuUtion, the 
imniediat(^ after-effect is a refardatiou of the 
rati‘ of growth. This is specially the case 
wlnm the incident light, is of strtmg intensity 
ainl of long duration. 

FitJ 7.'». fll'cct nf lit^ht. N, normal ; S. ivtanled lato of Growth in rt>ponse 

to ;'N, n-oovi ry on i<ni «if lij^lit. 


s 




DETERMfXATION OF THE LATENT PERIOD. 

Tliere is a gent*ral im[>ression that it takes from several 
nvinntes to more t\ian -an hour for the Ught to react ou 
t!u‘ growing organ. 'Phis underestimate must have been 
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due to the want of sunioieut delicate means of observa- 
tion. For my recorders indicate in some cases a response 
witliiii less than 2 seconds of the incidence of li^lit. 
This was found, for example, in the record of response 
"iveii by a seedlinj^ of Cucurhita, to a ilash of ultra-violet 
light. In tlie majority of cases the response is observed 
witliin .15 seconds of tht* incidence of liglit. 

Experiment 70. — For tho dotevniiiMition of tho latent 
period, a record of the elfect of arc liglit of lU) seconds’ 
duration was taken on a moving plate. It will be noticed 
(Fig. 7b) jthat a ndardation of growtii was imluced 



Pi(}. rCi. Latent period aiifl t iriiij-rclal iojiH of rft^pon.so to lipdit, applied ;it. Jliick 
liiir. Successive dots :il intervni.x. of o «•('. 

within 'Ao s-comis of tin; iinruhotct* of light. Tln^ in- 
cipient contraction induced by light is thus similar to 
that induc(.Ml by any ether form of stimulus, (irowtli 
became restored (<» tli * normal valu *, 5 m'liates after .‘hf^ 
cessation of stimulus 


EFFECT VF INTENSITY OF LIGHT. 

Experiment 80. — I next stmlied the action of light, 
the intensity of which was increased in arithmetical 
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progression. The intensity of white light given ])y a 
lialf-watt ineandescent electric lamp of 200 candle power, 
jdaced at a distance of a metre, is taken as the unit. 
Much feebler light would have been sufficient, but it would 
have required much longer exposure. The intensity was 

iricreased l)y bringing th(* lamp nearer the plant ; marks 
were made on a horizontal scale so 
that the intensity of incident light 
increased at the successive marks of 
the scale as 1 : 2: 3 : and so on. The 
duration of exposure was same in all 
cases, namely, 5 minutes. After each 
experiment suitable periods of rest 
were allowed for the plant to recover 
its normal rate of growth. Itecords 
in Fig. 77 show increasing retardation 
induced by stronger intensities of 
light. Table XVIll gives the result 
of a different experiment. 

Kn;. 77. -Action <.f light, of incroaiiing intensities: 1: 2: it in retardation 
of growth. 

TAIU.K \vm. — EKKKrT OK MOH’I’ OF INrRKASIM.J IN'IKNSI IY 
ON TMK RATK OK OKOWTU. 

I Intensity of Uglit. Rnte of growth. 

... 0-47 per sec. 

0*2(S /i „ 

0*17 

... I 0-10 

... ■ Arrest of growth. 

i 

EFFECT OP CONTINUOUS LIGHT. 

Kvprriinrnt SI , — The continued etfect of light of moderate 
intensity in bringing about increasing retardation of growth 


0 ( Normul ) 

1 Unit 
o 
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will be seen in Fig. 78(d) side by side with the record of 
effect of continuous electric stimulation (Fig. 78a) on 

growth. In both the cases the effect of continuous stimula- 
tion is seen to be the same, namely, a growing retardation, 
which in the given instances culminated in arrest of 

growth. This is true of stimulus of moderate intensity. 

Under a more intense stimulation the incipient contraction 
does not end in a mere arrest of growth, but the 

responding or-an undergoes an actual shortening. 



Kn’. 7s — KIL'Otfl nf 0 ()nt'nmr>u>; (n) an'l (h) photic ^ti in illation of ^ 

iiKxleratc intonsity. fakcri on a luovin/^ plate. 


EFFECTS OF DIFFERENT RAYS OF THE SPECTRUM. 

Different observers have found* that it is the more refran- 
gible rays which exercise the greatest influence upon growth 
and tropic curvature. The relativi* effects of different lights 
will, however, become more precise from the curves of re- 
sponse to the action of different rays. For this purpose, I 
first employed monochromatic lights from different parts of 
the spectrum, produc(*d by prism of high dispersion. In 
practice, the usual colour filters wore found very con- 
venient, as they allowed the application of mort; intense 
light. A thick stratum of bichromate of potash solution 

♦P/Er.'Bli— IMiyjiiology of Plants— Vol II., p. 101 ( English Tranulalion) 
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transiriittea red ravH, a thinner stratum allowed the trans- 
mission of yellow in addition; aminoniated copper sul- 
phate Holution allowed the blue and violet rays to pass 
throu^'h. It should be borne in mind that certain compli- 
cating^ factors are introduced by the incidence of light on 
the organ ; tluiiii may be a slight rise of the temperature. 
We have seen however that moderate rise of temperature 
induces an acceleration of the rate of growth (p. 175). I shall 
later <le.scribe other experiments which will demonstrate the 
antagonistic elfects of light ami warmth on growth. 
Warmth again may induce a certain amount of dessication, 
])ut this is reduced to a minimum by maintaining the 
plant-chamber in a humi«l condition. The heating effect of 
tlie red is, relativdy speaking, much greater than that of 
the blue rays. I’ut in spite of this it is found that while 
r(Ml rays are practically inetfective, the blue rays are most 
elective in inducing responsive retardation of growth. 

Effect of red aud (fe/law //V/Zi^.—These rays had little 
or no elVect in inducing variation of growth. 

Effect of blue light ; E.rprrment 82.—T\n} blue rays exert- 
ed a mark(Ml retarding effect on growth. Light was applied 
for bl seconds and retardation was initiat(Ml within 14 
seconds of the incidence of light, and the retarded rate 
was two-iifths of the normal (Fig. 7‘IB). 


M 

u 

V 


YU normul. H. oflfoct of l)liu* :irul V, of ultra-violet light. 

'Pho recorils tire on a niovinir 
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Effect of utlra-oinlet light : Experiment SS, — Ultra-violet 
light was obtained from a quartz mercury vapour lamp. 
The effect of this light in retardation of growth was very 
marked. Response was induced within 10 seconds, the 
maximum retardation being one-sixth of the normal rate 
(Fig. 79V). 

Effort of infra-red rag^ : Experiment «<?•/.— In passing 
from the most refrangible ultra-violet to the less refrangibh^ 
red rays, the responsive retardation of growth undergoes 
a diminution and practical abolition. Proceeding further 
in the infra-red region of thermal rays, it is found that 
these latter rays become suddenly elft'ctive in inducing 
retardation of growth. 

A curve drawn with the wave length of liglit as abscissa, 
and effectiveness of the ray as ordinate shows a fall towards 
zero as we proceed from the ultra-violet wave towanls 
the red ; the curve, however, slioots up as we proceed 

farther in the region of the infra-red. In connection with 

this it should be remembered that while the thermal rays 
induce a retardation of growth, rise of tem])eraturB, up 

to an optimum point, gives rise to the precisely opposite 
reaction of acceleration of growth. 

The relative effectiveness of various rays on growth will 
be seen more strikingly demonstrated in records of photo- 
tropic curvature to be given in a succeeding Paper. 

SUMMARY. 

The normal effect of light is incipient contraction or 

retardation of the rate of growth. 

The latent period may in some cases he as short as 
2 seconds. In largo number of cases it is about 15 seconds. 
The latent period is shortened under stronger intensity of 
light. 


16 
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Increasing' intensity of lif'ht induces increasing retarda- 
tion and arrest of growth. Under continued action of light 
of strong intensity the growing organ may iintlergo an 
actual shortening. 

In these reactions the action of stimulus of liglit resem- 
hles th(‘ idVects of (‘l(*<*tric ami mechanical stimuli. 

'rhe ultra-violet rays imiuce the most intense reaction 
in retardation of growth. The less refrangible yellow and 
red rays are practically imdfective. But the infra-red rays 
inducts a marked retardation of growth. 

Th(‘ elVeets of light and warmth are antagonistic. The 
former induces a retardation and the latttu* an acceleration 
of growth. 



XVIL--EFFEOT OF INI)IUK(’T STIMULUS ON UROWTH 


Sir J. C. Bosk, 
Afiaiatrd Inj 


( r U lu J r R A S A N N A 1 ) A S . 

It has been shown that the direct application of stiinnlus 
gives rise in difTerent organs to contraction, diminution of 
turgor, fall of niotih^ leaf, (declro-motive (diangtt of gjilvano- 
nietric negativity, and retardation of the rat(^ of growth. I 
shall now imiuire whether Indirect stimulus, that is to say, 
ap])lication of stimulus at sonn^ distaiuje from the rt^spond- 
iug organ, gives ri.se to an elfect dill’er^mt fr(un tha!i of 
direct application. 


MtRVRANICAli AM) KfiKCTUICAL RKSIU)NSR TO INDIRKOT 

STIMUHTS. 

I have already described the elfect of Indirect stimulus 
on motile organs (p. UR)). A feeble stimulus ap])lietl at a 
distance was found to iinluce an erectile niovfunent or posi- 
tive rt\spons.i of th(^ hijif of Mimosa or of tin^ leatlet of 
Arenlfta, This reaction is imiicative t)f increase of turgor, 
an elfect wliicli is diametrically opposite to ihe diminution 
of turgor induced by the elft‘ct of Dinjct stimulus. It was 
also shown tliat an increase in the intensity of Indirect 
stimulus or a diminution of the intervening distance 

IG A 
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brought about a diphasic response, positive followed by 
negative. Direct stimulus gave rise only to a negative 
response. 

Electric re^po7ise to Indirect Htimulns . — I have already 
explained how an idi'utical reaction finds diverse ex- 
pression in mechanical and electrical response, or in respon- 
sive variation of th(i rate of growth. It is of interest in 
this connection to state ttiat iny attention was first directed 
to the characteristic difference between the (dl’ects of Direct 
an<l lndirt*ct stimulus froni the study of electric r(‘sponse 
of vegetable tissues. 1 found that while Direct stimulus 
iniluced negative eh*ctric response, Indirect stimulus gave 
rise to a posit iv<» r(‘spouso. The clue thus obtained led 
to the discovery of positive mechanical response under 
Indirect stimulus. 

Kd'periment <VJ. — The records given in Fig. 8(1, exhibit 



Kiii. so.— F.lertric respoiK'.e of Mnm (a) ro?itiv<*. {/j'j itiphasic, (r) negative. 


tlie electric re8})onse given by vegetable tissues. On applica- 
tion of feeble stimulus at a distance from the responding 
point, the response was by galvanometric positivity. Under 
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stronger stimulus the response became diphasic, positive 
foilo\7ed by negative. Direct stimulus induced a negative* 
response. 


VARIATION OF GROWTH UNDER INDIRECT STIMULUS. 

Since the responsive reactions ot; growing and non- 
growing organs are, as wo shall find later, fundamentally 
similar, I ^expected tliat Indirect stimulus would give rise 
in a growing organ to an eHecl whiidi would be of oppo- 
site sign to that induct‘d by Direct stiniuhis - an acceleration, 
instead of retardation of growth ; that would correspond to 
the positive mechanical an<l electrical responses to Indirect 
stimulus given by pulvinatcid organs and by ordinary 
vegetable tissues. The account of the following ty[)ical 
experiment will show that my anticipations have b(‘en 
fully verified. 


Experiment SO, — I took a growing bud of (h'innm and 
detenniiKMl the region of its growth activity ; lowi^r down 
a region was found wlnn’e the growth had attained its 
maximum ainl may, thertd’ore. be regarded as indifferent 
region. 1 applit‘<l two el(*ctrodes in this indilferent region 
about 1 cm. below the r<*gion of growth. On application 
of moderatt* electric stimulus of s}n)rt duration the response 
was by an acc(deration of growth which persistcfl forju^arly 
a minute, after which there was a resumi)tion of the 
normal rate of grr)wrh. In this particular case the inter- 
val of time between the application of stimulus and tin? 
responsive acceleration of growth was 12 seconds. The 
interval varies in different cases from one second to 20 
seconds or more, depending on the intervening distance 
between the point of application of stimulus and the 
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respondiriK re^iou of f^rowth. I K>ve a record (Fig. 81) 



Kill. Ml.' - Kir-M'l (if iMdircci. :iii<l Direct stiinulii-i on {.(rowtli of driunn, taken 
on a inovin*' plate. !)otte<l arrow shows applie.ilion of Ii direct siiniulus with 
conscipuMit acceleration of triowth. Direct application of stiinnliiK at the second 
arrow induce.^ ciintniction- and Hnhsecptent retardation of rate of {growth. 
Successive dots ;ire inteiNals of (Maifuilication ) I iine*'). 

ohtiiiiUMl ill a dillertsit oxporiinpnt wliich shows in lui 
i(h‘iitio;il (I) an aoc doration of growth tindor 

Iu(lin‘ct aiiil (2) a retardation of growth under Direct 
stiinulim. 


'rAlU.r. .\l\ A TKM'UATINC KI-KIm'T ok INlIUXi r SlIMlI.tS ()\ 

(JUowTtl {Cri/mm). 


Spettinuni. 

1 . . 

(Jomlition of tixperinient. 

Rate of {'rowth. 

i 

1 

Nonna! 

i 

()'2l fjL ])er second. 


' After Indirect stiinnhis... 

0-26 „ „ 


1 Normal 

0*25 fx „ „ 

! 11 

1 

1 

1 

1 

. i 

j After Indirect stiinulns... 

1 i 

O’dO ^ „ j 
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It is thus soeii that the eUect of Indirect siimiilus 
on growth-variation is precisely parallel to that obtained 
with the response of sensitive plant ; that is to say, 
the effect induct'd by a feel)le stimulus applied at a 
distanctj from the ^rowiii*^ rey^ion is a pt>sitive variatitni or 
acceleration of i^rowth. The effect becomes converted into 
negative or retartlation of growth when the stimulus is 
Direct, i.e., when applietl to the respomling region of growtli ; 
under intermediate conditions, the growth-variatioii I tind 
to be diphasic, a positive acceleration followed by a negative 
retardation. This is found true not ?in*n*ly in the case of 
a j)articular form of stimulus but of stimuli as diilt'rent 
as mechanical, thermal, electri(t, and [)hotic. 

I shall in a subse(|uent paper formulate a g<‘iH‘ralis(‘d 
Law of Effects of Direct and Indirect Stimulus. Krom th»^ 
experiments already described it is set'll that ; 

Dirgrt inda<r^< ntyativn varintion. of 

c<»it raot ion , /(ill of huif of Mimosa, rlarf rir cJi'infjr 
of fja! rfinoniet rir (j, (ind rrhirdd! ittn (f 

the rate o/ (jrowth. 

Indirect f\tiinutn>^ indaeni poHilim >'ai'u(lion of Inrf/or, 
e.rjKDisiioi , (•id^rtioii of Iraf of Mimosa, (dri'/rirat 
chmuje of galvanometrir poaitioitif^ and arrr/ara- 
lion of the rate of growth. 

It is seen that Indirect stimulus gives rise to dual nsic- 
tions, seen in positive att<l negative responses ; of tln^se the 
negative is the more intense.. When the intervening distance 
is reduced, the resulting response bi'.conies negative ; this is 
due not to the absence of the positive, but to its being 
masked by the predominant negativi'. From the principlo of 
continuity, this will also hohl good in the limiting case, 
where by the reduction of the intervening distance to 
zero, the stimulus becomes Direct. In other words, Direct 
stimulus should also give rise to both positive and iiega- 
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live reactions. Of these the positive is masked by the 
predominant nof^ative. 

So much for theory ; is it possible to unmask the 
contaiii(*d positive in the resulting negative response under 
Dir(.‘ct stimulus ? This important aspect of the subject 
will be dealt with in the following Paper. 

SUMMARY. 

The application of Direct stimulus gives rise to an 
(‘b^etrie response of galvanometric negativity. Tfie applica- 
tion of stimulus at a distance from the responding point, 

Indirect stimulus, gives rise to positive; electric response. 

The mechanical responses of sensitive plants also exhi- 
bit similar etf(;cts, /.i;., a negative response under Direct, 
and positive response under Indirect stimulus. 

In the responsive variation of growth, Direct stimulus 
induces a retardation, an<l Indirect stimulus an acceleration 
of the rate of growth. 

'Phe ell'ects of Direct and Iiulirect stimulus on vege- 
table organs in general are as follows : 

Direct stimulus induces negative variation of turgor, 
contraction, fall of leaf of J/D/iusa, electric 
change of galvanometric negativity, and retarda- 
tion of the rate of growth. 

Indirect stimulus induces positive variation of turgor 
e.xpansion, erection of leaf of Mimosa, electrical 
change of galvanometric positivity and accelera- 
tion of the rate of growtli. 



XVIII. -RKSPONSK OF GROWINO ORGANS IN STATE 
OF SUB-TONICITY 


By 

Sir J. (\ Bosk. 

The iiorimil response of a •^rowin^^ or^ran to J)irect 
stimulus is neijativr, tliat is to say, a retardation of ihe 
rate of growth. This is the ease under forms of stimuli 
as diverse as th(‘S(' of mechanical and electric shocks, and 
of the stimulus of liglit. 

ABNORMAL ACCELERATION OP OROWTH UNDER STIMULUS. 

After my investigations on the normal retarding effect^ 
of liglit on growth, I was considerably surjirised to find 
the responses occasionally becoming an accehuatiou 

instead of retardation of growth. I shall first give accounts 
of such positive responses and tlien ex[)lain thu cause of 
the abnormality. 

Abiionital (icreleratioti. (nidar stiniuLm af I iyht : Krfjrri- 
nvint HI. — A rather weak specimen of was exposcMl 

to the action of light of o minutes’ luration. This induced 
an abnormal acceleration in the rate of growth from C*H0 
^ to 0*40 fx per second. But continuous (jxposure to light 
for half an hour brought about the normal effect of retar- 
dation. In trying to account for this abnormality in 
response I found that while specirmms of Kynony in a 
vigorous state of growth of about 0*S /x per second 
exhibit normal retardation of growth under light, the 
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particular speciriiBU which exhibited the abnormal positive 
response had a much feebler rate of growth of ,0*110 /a 
per S(*cond. As activity^ of giowth in a plant is an index 
of its healthy tone, a feeble rate of growth must be 
indicative of tonicity ladow par. The fact that plants in 
sub-tonio condition exhibit abnormal accebu-aiion of 
growth under stimulus will be seen further denioiistrated 
in the next (v\pi*riment. 

In the parallel plnmoiaenon of the response of pul- 
vinabul organs found that un(h‘r condition of sub- 

toni(rity, tluj r(*spoiise becomes positive and that* this abnor- 
mal j)ositiv(‘ is converte<l into normal negative in con- 
seipnmce of rept'ated stimulation. In growth, n^sponse 
likewise tht‘. ahiiormal acceleration of growth under light 
in the suh-toniti specimen of Kysoor was convertiMl into 

normal r»darilation after continuous stimulation for half 

an hour. From (he facts given above, we are justitied 
in drawing the following conclusions : 

(1) 'riiat wliilt‘, light induces a reffinlai ion of growth 
ill a tissu(‘ whose tonic condition is normal or above par, 
it brings aiemt an (frmffirnf ion in a tissue whose condi- 
tion is ladow par. 

(2) That by the acTiou of the stimulus of light itself 

a sub-tonic tissie is raised to a condition at jiar, witli the 

concomitant restoration of normal mode of response by 
retardation i)f growth. 

Another important question arises in this connection : 
Is the restoration of normal response due lo light as a 

form of stimulus, or to its photo-synthetic action ? An 

answer to this is to be found from the results of an 

imjuiry, whether a very ditferent form of stimiihis whicli 
exerts no piioto-synthetic action, such as tentanising electric 
shocks, also induces a similar acceleration of growth in a 
sub- tonic tissue. 
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rh 0 normal rotardiiii^ efT^ct of olectric stimulus on 
specimi>iis in active stale of j^rowili was demonstrateil 
in record given in Fig. 72, where the normal rati‘ was 
found greatly reduced after stimulation. 

Abnormal arre/eration of priorth loidrr olf'cfrir tifimn/os; 
Experiment ,s\V.— For my present purpose I took a 
sub-tonic specimen of seedling of wheat, its rate of growth 
being as low as 0*()r) /x per second. Aftor (‘lectric stimula- 
tion the rate was found •MihaiuaMl to D 12 /a pi*r st‘Cond, 
or about two and-a-lialf timos. 1 giv(‘ (Kig. <*^2) two reianals 



t iCt, 82 . — ['jiihiinrcincMit e»f r.vfc of f^rovvih in mih-tniiic .s|)(;«oih«mih «»f wlic.-ii 
First s<*rios of iecor«l on Htiilionurv, s<-coii(| M.'iii s (/>) mi inoviiif^ plato 
N, record ticforo st inmlatimi, S, aflrr stimuliit ion. 

obtained with two ditferent spc'cijiKuis. In th(^ first, the 
record was taken on a stationary }>late (Fig. <S2) ; the 
closeness of successive dots in N show the feehle rate 
of growth of the sul)-tonic specimen, the wider spacing 
after stimulation, S, exhibit the induced eiihanceunent of 
growth. 
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In the second experiment the records (Fig. 82^) were 
taken on a moving plate. The specimen was so extremely sub- 
tonic, that its normal record N appears almost horizontal. 
The greater erection of the curve, 8, after stimulation 
demonstrates the induced acceleration of growth. 

TAin.E XX. — ACCKLERATION OK CROVVTII BY STIMULUS IN SUB-TONIC 
SI> ECS MEWS. 


Specimen. 


Wheat seedling 


Stimulus. 


Rate of growth, , 

■ ■ i 


: Normal ... ... 0*05 ^ per sec. j 

; After electric stimulation ()T2 /x „ „ | 


Kysoor 


Normal 

After 5' exposure to light 

30 ' „ 


0'30 fx per sec, 
0-40 /i „ „ 
0-27 ;x „ „ 


In my previous Paper on the ‘ Modifying Influence of 
Tonic (condition’ I showed that while the response of 
the piimary pulvinus of Mimosa in normal condition is 
i.e., by contraction, diminution of tuigor, and fall 
of the leaf, the response of a sub-tonic specimen is positive^ 
that is to say, by expansion, enhancement of turgor, and 
erection of the leaf. I have shown further that in a 
sub-tonic s})ecimen the action of stimiiliis itself raises the 
tissue from below par to normal or even above par, with 
the conversion of abnormal positive to normal negative 
response. 

I have in the present Paper shown that a parallel series 
of reactions is seen in the response of growing organs. 
In vigorously groNNing specimens the action of stimulus is 
jegatirf, i.e., incipient contraction, diminution of turgor, 
and vtdardation of the rate of growth. But in sub-tonic 
specimens, with enfeebled rate of growth, the effect of 
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stimulus is jmiiivp, i.e., by expiiusiou, eiihaucomeiit of 
turgor^ and acceleration of the rate of groAvth. rontinuous 
stimulation also raises the sub-tonic growing tissue to a 
condition at par, converting the response from abnormal 
positive to normal negative. 

It was also explained that every stimulus gave rise to 
dual reactions, positive and negative, and that in a highly 
excitable tissue the positive is masked by the predominant 
negative. The positive, or A-effect, is generally describi'd 
as a “building up” process. Hy choosing a sub-tonic 
specimen, I have been able to unmask the positive, A. 
In the case of sub-tonic growing organs the positive, A, 
is literally a building up process, giving lise to an accelera- 
tion of growth. 

From tliese facts and others given previously it will 
be seen that the abnormal response of acceleration of 
growth under stimulus is by no iruuins accidental or 
fortuitous but is a definite expression of an universal 
reaction, characteristically (»xhibitol by all tissues in a 
coii'lition of sub-tonicity. 

CONTINUITY BETWEEN ABNOUMAB AND NOHMAIi 
RESPONSES. 

A given plant-tissue may exist in widely ditl'erent 
conditions of tonicity. Let us take two extnmie condi- 
tions, the optimum and the minimum. The tonic level 
will be at its lowest at the minimum, where growth 
will be at a standstill. The range between tlie optimum 
ami minimum will be very extended ; hence strong 
and long continued stimulation will be necessary to raise 
the tissue froru the tonic minimum to the optimum 
level. There are innumerable grades of tonicity between 
the optimum and minimum. Within this wide r.mge the 
characteristic response will be the abnormal positive. As we 
approach the optimum, the range for pf;sitive response will 
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becoino circumscribed, and the intensity and duration of 
Btimulus necessary to convert the positive to negative will 
be feebler ami shorter. It will be very seldom that a 
plant is likely to be found at the optimum. Hence 
]>lants in general may be expecte»l to give a feeble positive 
response undi*T sob-minimal stimulus. 

Th(*8e considerations led me to look for the positive 
I’i'sponse under sub-minimal stimulation; the tracings 
which I have obtained with my highly sensitive Cresco- 
graph and other recorders show that oiy anticipations 
have been jostilied. 

Pnsitire resjmtinr tinder Hnh-)ninimal stimuhis : Etyeri- 
7nmi HU . — In normal speciimms, light of strong intensity in- 
duc(‘s a ridanlation of growth. When tln^ source of light 
is placed at a distanci', the ijitensity of light 
undergoes giasit di-ni notion. Under the action of such 
fetdjle stimolos 1 obtaiiuMl an accaderation of grow'th even 
in sp(‘ciJiu‘ns wldcli may be regarded as modt^rattdy vigor- 
ous ( Kig. Similar aec(*h‘ration of growth was also 



Kic. S.? - \ii-fliTat i.iii of luulrr Koco:*! 

on riioviiii,' pl.oo ; stiiniilnM applioii at ath Uot, aiul sulxoquont ertetioa of curve 
exhibits iicivlcrat ion of j^rowth. Last part of curve shows recovery of normal 
•growth on cessation of siimulus. 
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obtained under feeble electric atim illation. The response 
is reversed to normal negative by incri*:ising the intensity 
or duration of stimulus. Very feeble stimuliLs thus in- 
duces an acceleration and strong stimulus a retardation of 
growth. I have frequently obtained p )si(ive mechanical and 
electrical responses under sub-minimal stimulation. As 
chemical substances often act as stimulating agtmts, tin* 
opposite 1‘tTects of the same drug in small and larg(' 
doses may perhaps in-ovo to be a parallel jihenomenon. 


It has been shown that stimulus intluci‘,s simultane- 
ously both A- and D-effects, with the attendant positive 
and negative responsive reactions, alike in pulvinatial and 
in growing organs. A tissue, in an optimum comlition, i‘\hi- 
bits only the resultant negative response ; thi‘ comparatively 
feeble positive is imperceptible, being masked by the pre- 
dominant negative; but with ihe decline of its toio^ <‘xci- 
tability dimini-^hes, with it the D-elfecd, and we g«‘t tht^ 
A-etfeCL unmasked, resulting rosponsi^ ther. bec.oimvs diphasic.. 
In extreme sub-tonic condition, it exhibits onl> the positive. 
The seqiienci^ is rev«*rse(l when we begin with a (issue in 
a state of extreme sub-tonicity, which tirst exhibits only lln^ 
positive. Successive stimulations coniiniially exalt the tonic 
condilion, the. sul)sequent responses becoming, dipbasii*, aiul, 
with ilie attainment of optimum tone, a ri'sultant jiegativii 
response, As a furtlier veritication of tlui simiiliaiH'Ous 
existence of both A-and D-eiftH*.ts, it has been shown 
that in ordinary tonic condition a inidl stimulus 

gives rise only to positive re.spoiise ; this beeoiin^s convert- 
ed into normal negative und»*r mo lerate stimulation. 


I have (lescribed the action of stimulus on tissin^s in 
which, on account of sub-tonicity, growth has becoiinj en- 
feebled. I shall next take up the question of ellect of 
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HtimuliiH on tisHnos in which growth, on account of extreme 
sub-tonicity, has h(*en brought to a state of standstil,!. 

SUMMARY. 

The modifying inflmmce of tonic condition on response 
is similar in ])ulvinattMl and growing organs. 

The motile organ of J/ii/iosa in a condition of sul)-toni- 
cify, (‘xbibits a fxfsitirui response, by expansion, increase of 
turgor, and erection of the leaf. Continuous stimulation 
converts the abnormal /wsttivfi to normal nrgative. 

In sub‘tord(; growing organs stimulus likewi.se induces 
a response, by expansion, increase of turgor and 

acceleration of th(‘ rate of growth. Continuous stimulation 
converts the abnormal acceleration to normal retardation. 

Sub niinimal stimulus tends to induce even in noimal 
lis.Hiies, an ac<;eleration of rate of growth. Stimulus of 
moderate intensity induces in the same tissue the normal 
retardation of growth. 



XIX.— RESUMPTION OF AUTONOMOUS PULSATION 
AND OF GROWTH UNDER STIMULUS 


% 

Sir J. 0. l-osE. 

Th(^ autoiionioiis activity of ‘growth is ultiiiiati^iy dcrivcMl 
from eu:*r"y supplied by the cn\ iromiieiit. 'riu? inti-rnal 
activity may fall below par with cons(‘qu(^iit diininiitioii or 
even am*st of growth ; this condition of tin' lissin^ I have 
designated as sub-tonic. The inert plant can only be stirri‘d 
up to a state of activity by stimulus from outd<le ; and 
we saw that imder (he action of slim ulus (he rale of 

growth of a sub-tonic tissm* was enhanced. 

As the general queS(ion of depressiim of autonomous acti- 
vity and its restoration by the action of stininins i^ of 

much theoretical im])or(anee, 1 shall d(*scribe (‘xjxTi menis 
carried out on a dilV(*reiil form of anionomons activity, 
seen in spontaneous pulsation of the lateral leallets of 
iJrsf/iodiffni fjjp'aiis. Under favourable conditions of light 
ami warmth these b'.aflets execut'* vigor(Mis movemmits, 
the period of a single pulse varying from om^ io two 
minutes. As the emirgy f(»r this activity is ultimately 

derived from the environment, it is clear that isolation 

from the action of favourable environment will bring 
about a gradual depletion of miergy with concomitant 
decline and ultimate, cessation of spontain'ous mf>vement. 
For this we may keep the plant in Sfuni-darknO'S ; w(; 
may further hasten the lumlown process by isolating tlu^ 
leaflet from the parent plant. A leaflet immersed in wat(‘r 
was kept in a dimly lighted room ; it was attached by a 

17 
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cocoon thread to the recordinj' lever of an Oscillating 
R(*corder to be fully described in the next Paper. The 
pulsation continued even in this isolated condition for about 
48 houFrt, after which the spontaneous mov.Mnent came to 
a stop. FurtlHM* experiments showed that the arrest of 
pulsjition was not in licative of mortality but of ‘latent life’ 
in a stati; of sus])ens(‘, to be stirred up aj'ain by shock 
stimulus into throbbin^^ activity. 

REVIVAL OF AUTONOIVIOITS PULSATION UNDER STIMULUS. 

Kspev'nuvnt f)0 . — In ti.<(un‘ 84, is a seen record of tlnj 



8 1. - Ufiu* w (if antonummis activity in /h'x:noili>iin at ‘^lan(l8till 

liy actidii of li<,0il. r|)-ciir\c n-prcM-nts up-movcii cut . The hori/ontal liius Ix'low 
rcjirocnt <1 nations of exposure to lif^ht. 

action of lijjjht on the sub-tonic f)rsni()dhim h*aM('t at 
standstill. A narrow pencil of li^dit from electric arc 
was first tlirown on the lamina in which the prescnci* of 
chlorophyll remlered photo-synthtd.i(! action possible. This 
had no effect on tin' renewal of pulsation. But the 
autonomous activity was revived hy the action of liiLflit ()n 
the pulvinuU‘. This preferential elTeol on pnlvinule showed 
that the renewiil of activity was due not to photo-syn- 
thesis hut to the stimulatinj' action of light. The pulsa- 
tion was also restored by chemical stimulants, such as 
dilute ether, and solution of ammonium carbonate. 



RESUMPTION OF AUTONOMOUS ACTIVITY 


009 

As regards the action of light, the pulsation eontinued 
for a, time, even on the cessation of liglit. This per- 
sistence of aiitononious activity increases with the intensity 
and duration of inciileut stimulus, that is to say with 

the amount of incichuit energy. In llu‘ present ease 

a duration of live minutes* exposure gave rise to a 
single pulsation, after which the movement of the Ic'allet 

came to a stop. The next application lasoul for ten 
miuuti‘S and this gave rise to four pulsations, two during 
application, and two after cessation of light. dMie next 
application ,\vas for forty-fivt‘ minutes, and ilu‘ |)ulHation 
persist(ul tor nearly an hour after tlie cessation of light. 
The experiments on suh-tonic specimens show ch‘arly that 

the tmergy supplied by the environment hee^nies as it 
were latent in the plant, increasing its potimtiality for 
work. 

The renewal of autonomous activity in a suh-tonic 
tissue by the action of external stimulus, will lui found in 
every way parallel to the r mewal of growth in a suh-loiu(^ 
organ. 

KEVfVAIi OF OltOWTlI UNDER STIMtlRUS. 

Ur}uur{il of (jrowlh intdrr s/ ini ulus : hij'imrinuinl in , — 
I find that application of electric; vStimulus r(‘in*ws growth 
in specimens where, on :iC(;ount of extreme suh-tonieity 
growth has come to a Htat<* <d' standstill. 'Pln^ resumption 
of growth in grass haulms uirn’er the stimulus of gravity 
is a pheiiomenoii pro))al)ly (umnecoNl with tlie al)ov<*. The 
causes which bring about c.essation of growtlj in a mature 
organ arc unknown ; that there is a potentiality of growth 
even in a fully grown grass haulm is evidcmced l)y the 
fact of its nmewed growtli under frt‘sh stimulation. That 
this is not an exceptional pi. eiioiueuoii a[)pcars from the 
record whicli 1 obtained with a fully grown siyb* of 
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Datura alha. I subjcctfd it to periodic stimulation, and 

obtained from it a series of contractile responses. After 

recovery from stiniiilns it rej'ained its normal length which 
remained constant for some time as seen in the horizontal 
base-line. But as a result of successive stimulations, the 

mature style resumed its growth with increasing acceleration. 
This is s<;en in th(‘ recovery overshooting its former hori- 

zontal limit (Fig. «^r>). 



Ki(i. H;». Kfconl <»f of a maliin* iti wliirli ^'ro u i fi li:nl f«> 

a r|i-(!.irvi' hlidWH contract i(»n hikIoi .•-I itn nines. Unicvval of ^Towth at .sixtli 

rcspi.nrtr, after wliich f;ro\vt!i-cloii};:ition i-* shown hy tin; trend of the h:i^e-lim• 
downwanl.^'. 

From tl;e invi‘ht igatious that have ))e(*n descrilted in 
this and in the previous Papers an insight is obtained into 
the complexity of response arising from various factors. 
It has bet'll shown that the sign of resi>oitse is modi lied by 
tin' intensity of stimulus, by its point of application, and 
by the toitic condition of the responding tissue. The funda- 
mental reactions have been found to be essentially the same 
in pulvinated, in growing and non-growing f>rgans. The 
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results describecl i‘iuil)le us to eiiiinciat** general Laws of 
EIFects of Direct and Indirt‘ct siiiniilus on tissues in normal 
and in sub-tonic condition. 

Laws of KFFKCTS of DIRKCT and INDIHKCT STIMULUS. 

1. THI5 KFFKCT of DIRKCT STIMULUS IS NFtJATIYK 
VARIATION v)F TIJROOR, NFtJATIVF MKCIIANICAL AND KLKC- 
TRTCAL RKSFONSK, NFtJATIVF VAHIATION, OR RKTAHDATION 
OF RATK OF (JROWTII. 

a. SUR-MIMMAL STIMULUS (iIVKS POSITIVK UFSI’ONSF. 

h. FOSITIVF RKSPONSF IS ALSO OIVKN RV A TISSUK IN 
A SUR-TONU’ taiNDITION : (a)NTINUOUS STIMULA- 
TION (JONVFRTS THK ARNORMAL POSITIVK TO 
NORMAL NKtJATIVH RFSPONSF. 

C. AUTONOMOUS ACTIVITY IN A STAT15 OF STANDSTILL, 
MAY RK KFVIVFD RY STIMULUS. 

(1. THK KFFFCTS OF STIMULUS AND WARMTH AUK 
ANTA(;ONISTIC. 

2 . THE KFFK(rr OF INDIRECT STIMULUS IS POSITIVE 
VARIATION OF TUROOR, POSITIVE MEtJHANICAL AM) ELEC- 
TRICAL RESPONSE AND POSITIVE VARIATION OR AlHJELKRA- 
TION OF RATE OF (JROWTH. 

I have referred to the fact previounly demoiistrat<‘d, that 
while Direct Htiinulu'5 induces contraction and r uardation 
of growth, moderate rise (d’ temp»‘rature imluc.es the 
opposite elfect of (expansion and acc(deration of growth. 
Further demonstrati<»n of the antagonistic efft*cls of Htimulus 
and warmth xvill l)e given in the next Faiier. 

SUMMARY. 

Tln‘ autonomous activity of pvdsating leaflet of Desnio 
ditif/i gyvans comes to a stop iimler depbition of internal 
energy. A cut leaf isolated from the j)lant maintains the 
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rhythmic fictivity of its leaflets for about 4<S hours, after 
which thi‘r(* is an arrest of movement. 

In this 8tat(^ of sub-tonicity the arrested autonomous 
activity is rcivived under the action of various stimuli. 
Thus the incidence of liijht on th(‘ })ulviniile initiates pulsa- 
tory movements, wliicli persists for a time (‘ven on th(‘ 
cessation of stimulus. 'J'liis persistence of autonomous activ- 
ity increases with tlie inrtmsily and duration of stimulus 
to whi<di the leiillet had b(*en subjecttMl. 

d'he arrested autonoin(»us acclivity of ^^rowth may often 
b«^ reviviMl by the aeti<»n of stimulus, 'riius tlie arrt'sted 
j'rowth in a iiiatuia* style or /htfnra alha was renewed by 
(d(*ctric stimulation. 



KX.— ACTION OF LIOIIT AND WARMTH ON 
AUTONOMOUS ACTIVITY 
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Sir J. ('. Hosk. 

Ill the })i*ece(lin^ Paper I liave nliowii tlu‘ essential sinii-^ 
larity ef etfeet of stiimilus on autonomous a(‘tivity of tlu* 
'leaflet, ami of tin* ^rowin^ or^'an. It was shown 
how stimulus revived the ]mlsatorv activity of Ih^snhulintt: 
leafl(‘t in a stat(‘ of standstill, in th(‘ same way as it r(‘- 
newed the arres(i*d growth-activity. 


THK OSCfLLATIMJ RKCORDKR. 

The investi^Mtion of this suliji^ct was nmdm'tMl pot^sihh* 
l)y the successful device of my Oscillating Ki‘cor<ler. A very 
light glass fibre was us *d for tln^ construction of tln^ li^V(‘r, 
which was supporit'd on jewel l)(»arings. 1’h(‘ short arm of 
the lever was 2 cm, in length, and tin* long arm S cm. 
This gave a magnification of I tim(‘s. Hut if is (piit(^ (‘asy 
to incrt'ase the magnification to It) limes or mort‘. 

The pull ex(*rt(Ml by the pulsating l(*ath‘t is evtremely 
slight, and th(‘ relatividy Inaivy lever made of sieid wire 
uSvmI in the Kesonant Recorder is not widl-suifed for our 
purpose. The jmlsation of the leaflet is relativady slow, 
being once in tw'o minutes or so. Tln^ intermittmit contact 
of ten times in a second, given by the Resonant R(*coriler, 
is therefore too quick. In the Oscillating Recordm* the in- 
termittence was, tlierefore, reduced to once in a second, or 
oncji in five seconds, the recording plate itself bidng made to 
move to-and-fro at this rate. The carrier of the jiiate- 
holder slides backwards and forwards on ball bearings ; a 
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in th(i clockwork connected with an eccentric is 
ndeased periodica I at intervals which may be v,aried 
between one and hvt* seconds. 1 y the action of the eccen- 
tric, tin; plate carrier approaches the writiiif^ lever with 
diminishing' speed till the movement is zero at the -contact. 
This contrivanci^ is (ssentia’, since any suilden shock of 
the plate ai'ainst the lever is apt to give rise to after-vibra- 
tions of the writ»*r. The ])late carrier is quickly with- 
drawn after the production of a dot on the smoked glass 
l)late by contact with the writing lever. 

The clockwork is g()verned by a revolving »fan which 
can be grad?ially opened out by a regulating screw. The 
speed can thus a<ljusted within wide limits, and main- 
taiiK'd constant and at any desireil speed. A second set of 
whe(*!s comiect<*<| with the clockwork moves the plate-holder 
in a lateral direction. A series of records may thus be 
taken for fifteen miiiutt^s, half an hour, or an hour. 

'I'he record obtained in this way is very perfect. Not 
only is the elfect of an external agent shown by variation 
in the amplitude and fretpiency of pulsations, but the 
change of spt*t‘d in any phase of the pulse becomes auto- 
matically recordi'd. 

UE(M)HI) OF PULSATION OF IfKSMdUlU.h (iV/iAXS. 

The wliolo plant can not b* conveniently manipulated 
for dill’enuit invi‘^tigations. It is, iiowever, possible using 
the juveautions described below to list* the detached petiole 
carrying the pulsating leaflets. The terminal large leaf may 
also bi* removed. The necessary amputation is often followed 
by an arrest of pulsation. lUit as in the case of isolated 
lieart in a state of stand.still, the movement of the leaflet 
may he revive<l by the application of internal hydrostatic 
pressure. ITnder these conditions, the rhythmic pulsations 
may easily be maintaineil uniform for many hours. 
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The petiole carrying tlie leaflet is mount(‘(I water-tight 
in the short arm of au U-tuhe tilled with water ; for pro- 
ducing internal hydrostatic pressure in th(‘ }>lant the height 
of water in the longer arm is suitably raised. The U-tuhe 
holding ‘the specimen mtiy be adjusted up and down, and 
laterally. A hingt*d support also allows the specimen to he 
placed at any inclination. The niv>vement of the leaflet, it 
is to be remembered, does not always take place in a 
vertical direction. The object of the mechanical adjustments 
is to place the specimen at such an angle that its up and 

down mov^^inents when in a straight line should he vertical, 
or have its long axis vertical when the movement is 
elliptical. It is important that the S|)i'eimen should he 
illuminated eciually frt)m all aides; for one-sided illumina- 
tion causes a hending over of the leallet towards liglit. 

The pulvinule of the lealh‘t acts liki* Iht^ pulvinus of 
Mimuaa^ that is to say, the leaflet uiuhTgoes a sudden fall 
to down position by the contraction of the more ellective 
lower half of the pulvinule; the ‘up’ position denot(‘S re- 
covery and expansion of the more elfeciive half. Tlie 

up-and-down movements of the leaflet corr(‘S[)ond to the 
iliastolic and systolic inoveimuits of the animal heart. 

There is, indeed, as 1 have shown els(*where* a very 

close resemblance between tin? activities of rhythmic tissue 
in the plant and in the animal. 

EFFECT OF DIFFUSE LHiHT ON PULSATION OF 

DKSMODllJM, 

Expeviment. 92 , — For the study of effect of light on Des- 
mtidium, 1 first obtained recort! in darkni*3s. A horizontal 
beam of divergent light from an arc lamp [)laced at a dis- 
tance of 200 cm. was made to act diffusely on the loaf from 
all sides. This was done by means of three inclined inir- 
rois, the first throwiui* the light vertically downwards, the 


* Hosk— Irritability of Planta--p. ‘J96. 
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secolul vertically upwards, and the third horizontally for- 
ward from the sidt* opp(»Hite the lantern. Th(^ effeijt of 
li^ht i» se(‘n d.*inonstrat(*d in Fi^. Sth 



Kia. S»>. -KlL'Cl of «>ii piilsat ioti <»f J),smitdinm Duration of 

applifiition <»f rcpre^-oiilfd try tho liori/.oiitui line. llp-curve repre-ents 

(liaHtrrlic exfiansion Jin<l ilo wn-ciirve hy.-itolic coiiiracLion. Note contractile effect 
of liglil in iliniinution of aiaplitiide and r duct ion of diaatolic linii of 

pnlrtiition. 

Li^difc was applied at the second pulsation. It will be 

seen tliai li'.'ht ri‘iards or arrests tint aiitonoinoiis activity. 
On the ct*ssation of lii'ht the normal activity was found 
to be ^Tadually restored. It is of much interest to note 
here the similarity of action of lii'ht on autonomous acti- 
vity of tin* leatlet of l)cs)n()(Uinn and of a ‘'rowing organ. 

In both, we lind that while in the suh-tonic condition 
of the tissue the elfeet of light is to enhance or renew 
the autonomous activity of growth and pulsation, in normal 
condition the elVect is to retard it. 

Inspection of the ri'Ct)rd exhibits another very interest- 
ing characteristic. ^Ve saw that light retarded growth by 
inducing an incipient contractiim. In the Deatnodiiun 
leatlet the contractile reaction of light is exhibited by th^ 

characteristic nunlitication of its jiulsations. The duration 
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of application of li^'ht is reprosonteil by the horizontal 
line, ^ In I"i". S6 the np-curve represents np-inovinnent 
of diastolic e.\[)ansion, and the down-ciirvt* of systolic con- 
traction, The contractile reaction of li^ht is Si'on to 
counter.act the normal e\pansion, with tliminution of diasto- 
lic limit of piiisation. 

KFKKCT OF KTSK OF THMlMCUATrUK ON FULSATION. 

It has been shown that while rise of tc'inperatnre up to 
an optimum (Mihanced the rate of ^u’owtli. tlu‘ i‘llt‘ct of 
li^^dit was to rtitard it. llioice th(‘ (‘fleets of li^dit and 
warmth an* antagonistic. 

Klf'ect (t/ rise o/ f^mparafure (tn jndse-renu'd : K.i'iieti- 
)neiit — In studyin‘» the (dVect of risi^ of temperalun^ on 
the pulsation of leafh*ts of Desniodium^ W(^ disco\er similar 



Kkj. 87. — KiTect of risu f)f t»‘injM*r:eun; («i pulsaLiuii of leaflet of HesmoUium 
t/yramt. I{ori/<aital line ri pn-scnts tlj«* (Iiiiatioii of gradual m‘«- of tcrni eratwre 
from to Note Ifn* expan-ive e.Toct of li.so of temporatiire in redue* 

*,ion of systolic limit of pulsation. 

antagonistic reactions of light and warmth. Thc^ leaflet 
was plaCMl in a plant-chamber with an (dectric arrange- 
ment for gradual rise of tfunpitrature. d’he tirst two 
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records Avere taken iu the normal temperature of the 
room, wliich was "I'he temperature was grackially 

raised to the record being taken all tht‘ time. It 

will be seen (Fig. <S7) that tin* elfect of warmth is dia- 
metrically oj)posite to that of light. The record in 
Fig. H() (‘xhibitel tin nmtrartile effect of light by re- 
ducing the dias(<»lic limit of (Expansion. In the present 
case the reaction <»f warmth is exhibited by the 

lajduction of systolic, limit of contraction. - The temperature 
of the plant ch imber was now alOwoMl t.) return to 
ami we observe the gra<lual restoration of nornuil systolic 
limit of contraction. 


SITMMAUY\ 


Two dilfcrent etV»*cts are fouml in tluj aidion of the 
stimulus of liglu alike* on the autenoinoaH activity of 
lo.illet of (jyranH and of growing organs. In 
Condi! ion ot sub-tonie/ity light renews pulsation of Desmo- 
diuni .iml enhances tin* activity of growth. In normal 
tonic comlition tin* etfect inluc‘d is the very opposite, 
light causing an arrest of |)ulsation and retar\lation or 
arrest of growtli. 

Tlie contractile (*ffect of light is s»*en not only in t'n* 
retanlation of growtli, but also by the charact *ristic modi- 
fieaiion of pulsation of Df'sni'idium in the diminution of 
diastolic limit of expansion. 

The antagonistic reactions of light an I warmth are 
found not only in growth but also in the rhythmic 
activity of I)f>sjHodi inn In the pulsation of Des- 

/mtdiufn the contraetile t*tfect of light iinluces a rapid 
diminution of th* diastolic limit of expansion, while the 
expansive reaction i)f warmth brings about a marked 
reduction of the systolic limit in successive pulsations. 



XXL— A (H)MPARISON OF HFSPONSKS IN (GROWING 
AND NON-UROWINi; GROANS 


% 


Sir .1. C. l^osK, 


Assisu:/ hif 


(OTHriMiASANNA Das. 


1 h:iv«^ ill b’le piN'ctvlinir s Tirs of l*ajK*rs (l oiioiistratod 
tiu* firoctH of variouH forms (d’ slinmli on ^o-owtli. I havo 
also j^ivoii acooniils of mimoroiis rraciiniis s'hic.li aro 
extraordinarily similar, in ^MM)\vin.i; and inm-.itrowin;^' or^nins. 
In fact certain characteristic reactions ol)Si‘rv('d in motile 
pulvinus of MitiUtm and other ‘ s *iisiti ve ’ plants led to tlu* 
discov(*ry of tln^ corr(‘S[K)ndin^^ phenoimma in ^.,o‘o\viii^ 
organs. For fully realisini? tin* essential similarity of 
responses ^dvon by all plant-orj'ans, ^oajwin^' and non- 
i^rowing, I shall her.* a sh<»rt review of the striking? 

character of the parallelism. 

1. The* incipient contraction of a •'rowing or^nm under 
stimulus culmiiiatt‘S in a marked shortening of the* or^an. 

The similarity of contractile respons *s in growing' 
ami pulvinatt‘d or?.rans. 

[]. Similar modification of hotli under condition of 
sub-tonicity. 
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4. The opposite efTocta of Direct and Indirect stimu- 
lus, both in motile and in ^rowin^ organs, 

5. The exhibition by all plant-organs of negative elec- 
tric response und(‘r Direct, and posit iu/f electric response 
under Indircict stiniulus. 

6. Similar mo lification of autonomous activity in 
Desniodium gijratis and in growing organs umler ])aralhd 
conditions. 

7. Similar excitatory idfc'cts of various stimuli on pul- 
vinated and growing orgaiH. 

H. Similar discriniinative jdfects of dillerent rays of 
light in excitation of motile and growing organs. 


(jONTKA(rriIiE HES|M)NSE OF (JHOWlNCi AM) NON-(JUOWINO 

OIUJANS. 

I have shown (i)ag ‘ IthS) tliat a growing organ umh*r 
stimulus, undergoes an incipi'Mit contraction as shown in 
the responsive retardati(»n of its rate of growth; that this 
retardation increases with the intensity of the incident sti- 
mulus till growth heconu's arr(‘sted. Above this critical 
intensity the induced contraction causes an actual shortening 
of the organ, Tlu're is no breach of continuity in the in- 
creasing contractile rea<'tion, which at various stages appears 
as a retardation, an arrest of growth or a marked shorten- 
iiiL^ of length of the organ. 


CONTKACTILK UESPONSE OF PULVINATEl) AND (UIOWINO 

OIUJANS. 


K.vprrimeni 04 . — In order to show the striking similarity 
between the response of ‘sensitive’ Jliniosa and that of a 
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growing organ, I givo a ri>cor<l (Fig. ,SS) olnaimvl with a 



Fl(». 8). — (' ititractif* of opovioo or;;, mi iiiiitT oIiM'irio '•Iiork. Sncri-s- 

(lots at intervals of I". Vertical line^ I’clow j'e|>ie,sent intervals of one 
niiniitc. (Mai'ti tical ion tiiin'.-) 


growing hiid of iU'unint iiinliT (he siiinnliis of ric, HfnKtk 
abovo tint critical intfunity. Tint n'cordcr ga\tt a niagnilica- 
tioii of a thoiirtainl tinn'S. In Kig. M(S, thi> normal growth 
elongation if nt[)rc.scnt(*(| ;is a tiown-enrvo. On the appiica- 
tioii of stiiniilus the normal oxpanHion was sinMenly ntversetl 
to excitatory contraction, the latent pniod of i-v'action was 
one secoinl and the period of the atfaimmtnt of niaxinnim 
contraction (ajicx-tiimt) was I minutes. 'Vhv. organ re- 
covered its original length aft-T a further period of sttven 
minutes and then continmtd its natural growth elongation. 
Repetition of stimuli gave ri.se to successive contractile 
responses which are in every way similar to the mechanical 
responses of Miniffsa piidica. The essential similarity of 
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response of pulvinated and ^'rowing organs will be seen in 
the following tabular statement : 


TABKK XXI. — TIMK HKl.AriOSS OK MK.CHANIOAL UKSPONSE OK I’CLVINATKI) 
ANl> OKOWINO GROANS. , 




Motile piilviTius Mimosa 
puflica. 

Motile pulvioiis <»f Se.pinuia 
! nlerncro. 

tirowiug 1)11(1 of Crinum 


Latent j 
ptoiod. 

Apox-tiiiif. 

Period | 
of recovery. | 

U*l sec. 

s(h:s. 

D) iniimtcp. 

1 

i 

o*f> . : 

' 1^0 

‘ 60 „ 

Vi) , 1 

i 

7 


The oontracKon in growing organs und(‘r stimulus is 
sometimes (•on'ii(l(‘ral)l«*. Tims in tlni filamentous corona of 
Passijlarfi (jfiadrfiNf/uffiris tin* contraction may b(* as much 
as IT) per C(‘nt. of llu^ original length. This is not very 
differc'nt from tin excititory reaction of the typicilly sen- 
sitive stamens of th * iUfnerr((\ whicn (‘xhihits a contraction 
from S to 2:i p(‘r c ‘nt. 


MODIFK^VTION OF UESPONSr^ BY CONDITION OF SUB- 
TONICITY. 

In Minmsa th • normal resjionse to direct stimulus is 
ntyativc^ the leaf undergoing a fall. But sub-tonic speci- 
mens exhibit a pnsitivr response with erection of the leaf. 
The action of the stimulus its *lf improves the tonic condi- 
tion, and the abnormal positive is thus converted into 
normal negative, through diphasic response (p. 147). Simi- 
larly in growing organs, wliile iht* normal effect of sti- 
mulus is incipient contraction and retardation of growth 
under condition of sub-tonicity the response is by accele- 
ration of growdh. Continuous stimulation converts this 
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abnormal accoloniiion into normal retardation of i^rowth 

EFFECTS OF DIllEOT AM) rNDIltECVr STIMFEUS. 

Direct stimnhiH induces in ami other 'sensitive’ 

plants a’ response. There is a diminution of 

turgor and contraetion in the motilt' organ, resulting in the 
fall of leaf. Indiriet stimulus, on the other hand, gives 
rise to a or tu'eetilo responst*. imliealive, of incrt‘ast* 

of turgor and exi)ansion (p. D^S). 

In growing organs Direct stimulus indu(‘(‘s an inci])U‘nt 
contraction 'and rtdanlation of rate of growth ; tin' tdVecd (d’ 
Dnlirect stimulus is t'xpansion and actu'lar.ition of the rate 
(d* growth (p. 216). 

The opposite n'aiuions to Direid and lndir»'(it slimiilus 
are also found in the electric respotist^ givmi by all plant 
<n‘gaus. Thus whih‘ Diiauu stimulus induci^s ati electromo- 
tivt^ (diangt* of galvanonu'tric^ nt'gativity, Indirect stimulus 
induces the o[>posite change of gal va.noiinM,ric positivity 
(p. 

M()l)iri(;.\T(<)N OI-’ .\UT<)N<),M()i:S AUTIVITV. 

ddie autonomous activity of D^sundi k m (‘\hibit- 

ed by tin* pulsation of its b'ullets (umie to a stoj) under 
condition of sub-tonicity, d’ln* arrest<*d moveiiu'nt is, how- 
ever, revived by the action of stimulus (p. 22(S). The 
ilepressed or arrested growth of a growing organ is simi- 
larly acceh*rate(I or revived by tin* action of stimulus 

(p. 2;>.()). 

In vigorous specimens stimulus induces tin* oppositi* elVect 
by retarding or arresting the pulsatory activity or growth. 

Warmth induces an ell'cict which is antagonistic to that 
of stimulus. Idle coiuractihj effect of stimulus is seen in 
the pulsations of leaflet Dt’stnodiuth hy the r(‘duction of 
their expansive or diastolic limit, ami in growing organs 
by the retardation of tin* ratci of growth. The expansiv** 
effect of warmth is seen in reduction of the systolic limit 

IcS 
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of JJrsntodiuiu piilHiiiion, tiiid in tlio iiccfltM-iition of rati* 
of growth ill growing organs (p. 

r:XCIT\T()llY KKFKI'TS OF VAHIOFS STIMULI ON 
PULVINATHI) and (illOWINi; ORtJANS. 

(N;rUiiti agmils iiidina* rxeitation in living tis«su(‘s, tin* 
oxoitatory cliangc being del *cte<l by contraction, (»r by 
olcctroinolive variation, or by cliange of electric resistance, 
an<I in growing organs by the retardation of tin* rate of 
growth. In general, tin* various stimuli which excite animal 
tissues also excite vegetable tissues. 

It lias been shown that firori/ form o/ ^ilinndi, howavor 
divet'.se^ also nuhiiu's t'oni) action and rrta j'dafion 

(ij the rate of (jroivlh. Thus mechanical irritation, such 
as friction or wound, induces a retardation of growth 
(p. 202); they also induce an excitatory contraction in 
Mimosa, attended by the fall of the leaf. Dilfereut modes 
of electric stimnlation act similarly on both growing 
and pulvinat(3d organs. The action of light visibh* and in- 
visible will presently he sei*!! to ri‘act on both alike. And 
ill this conneetion nothing could he more significant than 
the iliscriminative manner in which both the pulvinated 
and the growing organs r(‘spond to certain lights and not 
to others. 

In contrast to the contractile etl’ect of stimulus, certain 
agents induce the antagonistic reaction of expansion. It 
has been shown that while stimulus induces a retardation, 
rise of temperature up to an optimum point, in<luc(*s an 
acceleration of the rate of growth. I havt* also referred to 
the fact that while the autonomous pulsations of l)‘!S}uodiu)n 
loatbd exhibit under stiniiilus a diminution of tin* extent 
of the diastolic expansion, warmth on the other hand, iii- 
iluces the. opposite elfect by diminishing the systolic con- 
traction. 

KFFKCT OF LIGHT ON PULVINATKD ORGANS. 

I have referred to the well-known fact that it is the 
more refrangible portions of the spectrum that are more ef- 
fective in inducing excitatory reactions and have already given 
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records of the responsive reactions of various lii^hts on 
growpi" orf^ans. 1 shall now trive records of th(‘ •‘Ift'ct of 
various lights on tin* ])iilviniis of Mi/hoiiff inuiica. The 
ainplitinle and time relations of the cur\es of response will 
a inore piecise idtui of the (juantitative ellt'Cts of 
various lights in inducing excitation. 

Artinti of white titjht : K.rperimnit /A>. — The sonrc * of 
light was an arc lamp; a pencil of ))arallel light i« 
made to pass tlirough it trough of alnm solution, 'riiis 
process of excluding thermal rays is adopte<l for the visible 
rays of the spectrum. (h)lour tiUers were also used for 
obtaining red, ycdlow and blue lights. The pencil of light 
is thrown upwards by an incliiUMl mirror on the lower 
half of the pulvinus. The n‘sponst‘ is takim by an Oscil- 
lating recorder, giving successiv** (lots at intervals of 10 
S'^conda, the magnitication (unployed being 100 times. The 
pulvinus being subjected to light Cor 10 seconds gave 
response by a fall of the leaf (Kig. SO). The response to light 



Pj(j so. Klfvct |<if wliito on tli'^ p’llviniis <»f .\i 'nu )sa. 

ill thix ;iiul in followiiiL' n.*cor(Irt are ai irif<*rvalM of 10'. ( M a;,Miific:itiijn lOO 

Limo.-i) 

is thus found to be essentially similar to that induc.Ml by 
electric stimulus, the only dilVerence being in the ladative 
sluggishness of the reply. Klectric shock ])asses instan- 
taneously through the mass of the ])ulvinus, stirring up 
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th<* iictive tiH.siU'S to responsive c<nitrnction. The hitent 

period is, (iior»*fore, as short as 0*1 second and the inaxi- 
inuin contraction is (dfected in about .» seconds. In the 
cast* of the stimulus of lij'lit the shock-idfect is t ot so 
j^real ; excitation, moreover, has to pass slowly from the 
surface of tlie ])ul vines inwards. Heiici* the latent j)eriod 
is twelve sttconds, and the perio I of ma dinnin contrac- 

tion is as lon;^' ;is iU) seconds. As tie* stimulation is 
nioderatt*, the recovery is (‘lV(*cied in 11 minutes, 
insUeid of 1 (i minutes, which is tloi usual period for 
to recover from an electric shock. 4'lie iinporiani 
conclusioti to h(‘ derived from this (‘vperiment is. that li^dit 
is a m<»de of stininlation end tliat it indue s a res[)onsi\e 
eontratilion, similar to that (Mustjd hv. other tonus of sti- 
muli. 'This contraetih* res[)onS(‘ under liitht is ex]iihitt‘(l 
not nujrely hy tin* motih* pnlvinus of hut hy 

other pulvini as well, stndi us those of Kriftltnua ittfhca, 
tiiid of tlu^ ordinary h>*an plant. 

Action of cal and ifcJlntc fit/hf'f, — The piilvinm ^cive 

little or pracl'cally no response to thes * li^^hls. 

Actiitn (f hlne lajld \ Krioa'iinent — Li,L(hr was applit‘d 

for Id si‘Conds and the amp'itu le of response was similar 

lo lliat itiduet'd hy white li^ht (Fig. '.10). 



Kii; t>0 -liffeci ot h\nv li^ht on iiulviiiu- of Mini'.m 
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Auction of I' (t ra-rtoiei /yi//.s : Kj'prrnnt'ni 07, — T1h‘ source 
of lii^ht wa'^ a quartz luercury-vapoiir lamp. Tiio olVcct was 
so intense that, to keep the record within the plate, 1 
had to reduce the period of exposure to lialf, ;.e., to live 
seconds., ddie responsive nioveinent was initiatetl within six 
seconds of the application of lii?ht. The intensity and the 
rapidity of reaction is indei)endenrly evideticed hy tju‘ jiu»re 
erect ctirve of response (Fi^^ ill). 



Flc. l-.’irfct <>/’ lilt ra- V ioict rav'- on tlic |Milviriii- i.f l//'//i»Jw 

Aifion (>/ lofra-rel rot/s: K.rjjarinoot/ .V.V, Tin' ohscurt^ 

tlnunnal rays also caused a stroni' i‘.\cit atopy reaction 
(Fii/. 'd2). Attention is here <lraw’n once more to llie 
antagonistic reactions of tem|>'*rature and radiation ( tlecas 
of }n*at. 

It has ])een sliowm that tin* rays which cause the 
most, intense excitations in Mimnsfi ah-^o indue* tin* ^n*eat(.*st 
retardation in lie* rate of ^rniwtli. Thus ult ra-vioIe( is 

not only tin* Jiiost etl'ective in causing' excitation in 
but also in retardation of ^n-owth. Next in order coiiujs 
the blue rays: the. yellow and red an? ])ractically inetfectivi? 
in both the cases. Infra-red rays are, how<*ver, \(^rv 
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effectiv^j in excititn; the smsitiv^ Mimom and in retarding 
tlie rate of growth. , 



KHJ. Il2. <>l iiirr:i-r<*'l nivrt on tin* piilvinim of 

DIVERSE MODES OF RESPONSE TO STIMULUS. 

In Miinaaa (^Kcilatimi is followeii hy tlui striking' mani- 
festation of lh(‘ fall of the leaf. Hnt in ri^id tree-j con- 
traction nn<h*r (‘xcitation cannot lind expression in inove- 
nients. I have shown eds ‘when* that even in tlie ahumce 
of realised inovennnit, tin* stat ^ of excitation can be deteot- 
(‘d by tlie induced eh‘Ct ro-motiv * clian^i'. I liave‘ shown 
that not only I'very plant but every origan of t'Very plant is 
S'lisitive' and reacts to siiinulus by electric reS]>onse of 
^'alvanoineiric ne^Mtivity.* 

There^ is an additional edectric method by w)i!ch th“ 
excitatory chanjjfe* may b* rt*corded. I lind that (excitation 
induci‘S a variation of tin* (‘lectrical resistance* of a 
ve^j^etablc tissue.! Thus the sime excitatory redaction finds 

* Bosk -*Fri<l;iy Hvfninj: DiM'our^*- -Uoyiil Instit'itimi of (irreat Britain. 
May lyOI. 

t This variat Ion is ^OTiiftimes f-ositivo, ami at otlu r timr'j lU'irative, accunline' to 
the condition of itie ti-.'^iif. 
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diverse coiicomitaui mauifostatiuus, in (liniinulioii of turi'or, 
in inoveiiieiit, in viiriatiou of ‘'rowtii, iunl iu elect riojil 
change. Tin* coriespondenc* in tin* different phast*'^ of 
response in pulvinated, ordinary, an I growing organs 
may btj stated as follows: Excitation indiict*s diminution 
(if turgor, contraction ainl fall of the leaf of J//yy/osa ; it 
induces an incipitmt contractit)n or rtdardation of rate of 
growth in a growing organ; it givt*s rise in all plant 
organs to an electric response* of galvanoinet ric lu'gativity 
and of changed resistance*. All theses excitatory inani- 
fe*stations will, for conve*niemc»*, he (h'signati'el as Ihe^ 
negatirfi response. Tln're is a responsive^ redaction which 
is opposite to tin* excitatory change* elescrihe'd above. In 
Mimosa tln^ fall of leaf under e'xcitation is due to a 
sudden diminution of lurge)r ; tin* eu'ection of the leeaf is 
brought about by natural or artificial restoration e)f turgor. 
Risei e)f temperaturv* iiuluce's an e\\pansivo reaedion which 
is antagonistic to (hat induced by stimulus. Waiunth also 
enhances the rate* of growth ami ineluce*s an e*lectric changes 
of galvanometric positivity.* d'ho nstoratioii of normal 
turgor or (•nhaiic»Muent of teirgor is associiil(*d with (^Xj)an- 
sion, e*rection of tln^ leaf e>f Munnsfi^ enhancement f)f rate^ of 
growth in a growing organ, e*Ie'ctric re*sponso of galvano- 
tnetric positivity, and etontrasfeMl ehange? of ede'ctric re*sis(ance. 
All these will be distinguisheel as /M»sif.ira response*. 

There an* thus se*veral inele‘pemih*nt means of eh‘tecting 
the* excitatory change* or its op|)o?ite r ‘ae!tie)n in vegedahlee 
lissues. It will be* seen that the e*mph)ym(mt of these 
elilFerent methods has greatly exte‘nehMl our power of in- 
vestigation on the })he‘nomem>n of irritability of plants. 

We have seen how e*sse*ntiaily similar are the*, respons- 
ive reactions in })ulvinate*el ami in gre)wing organs. It is 
therefore rational to seek for an eixplanation of a parti- 


BobE — “ Comparative Elcctro-pbyaiolo^y p. 7o. 
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cular movement in a growing organ from ascertained facts 
reflating to the, corresponding iiiovemont in a pulvii,uited 
organ. The investigations on motile and growing organs 
tliat liav(‘ ])een described fully establish the two im}>ortant 
facts that, JJiiamt stimulus induces contraction and .Imdrect 
stimulus induces the opposite expansive reaction. Tliese facts 
will b(i fnuml to offer full explanation of various tropic 
c»n*vatur(;s to be <lescril)ed in the subse(pient series of Papers. 

SUMM A RV. 

"I'here is no biauich of continuity in the ‘Increasing 
contraedih; inaction in a growing organ under increasing 
intensity of stimulus; the incipituit contraction seen in 
retardation of rate of growth culminates in a marked 
siiortmiing of the length of the organ. 

Time relations of response, the latent period, the ajiex 
time, ami tlie p ‘ri(el of recovery are of similar order in 
pulvinated and in growing organs. 

In condition of sub-tonicity the ])ulvinus of 
responds to stimulus by an abnormal or er<‘Ctile 

response*. lln<ler continued stimulation the abnormal positive 
is converted into normal HfU/afiva. (irowing organs in sub- 
tonic condition iv'sponds to stimulus by abnormal acci‘lera- 
tion of rate of growth, which is converted into normal 
retardation umler continuous stimulation. 

Direct stimulus induces in J/////u.sv/ :i ncijutivo response, 
with the fall of leaf. Hut [ndirect stimulus imluctM tln‘ 
positive or n^spon’s^ ^ Similarly, Direct stimulus 

induces ip-:i'‘,g\'dwing jhuj^itire variation, or retarda- 
tion of pf' grinvth. ami liuUrect stimulus a pDsittVd 

variatiohl pr • 'iccek^rfiHoli! V)l» rate ot* growth. 

A ^ . * ' 

The response to Di^eqt stimulus is liy galva- 

nometric that • to Indirect stimulus by galva- 

nometrio positioiUj: ' • 
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Under condition oT Hub-tonicity the autonomous activity 
of icaftet of (jifi'uim and of f;ro\vinij[“ organs 
comes to a stop, 'fhe arrestcl activity in both is revived 
by the ap[)lication of stimulus. Active pulsation in /)6\s‘- 
modiuth, and active growth in growing organs are, however, 
retar<Ied or arrested by stimulus. 

The contractile elfcet of stimulus on pulsation of h'atlets 
of D '<inndiu)n (Jiiruns is seen by the laulucfion of the 
diastolic limit of its })ulsati«ms lo tliis eorres})(mds tin* 
incii)ient contiMction and retardation id r.ite of growth in 
a growing organ. The elft‘ct t>f warmth is ai\tagt)nistic to 
that of stimulus. Th(‘ expaiisivi* ell‘(‘ct of rist‘ of tempera- 
ture is seen in /)/‘s*)iiidi UNt by thi‘ redm^tion of tln^ systolic 
limit of its pulsation ; in growth it is exhibiteil by an 
acoeh' ration of the rate of giowth. 

All stimuli which imhice an e^C/italory (a)n(racJion and 
fall of the leaf of Minutsfi als(» inducts inci[)i(Mit contriui- 
tion attd rtUardation of rat(‘ of growth in :i growing 
organ. 

Excilator}' elVects of dilferent r.iys of light on motile 
and growifig organs aia^ siini’arly discriminative. Ultra- 
violet light exerts the most intense rea(*Lion whiidi reaches 
a minimum towards th* li‘ss lad’rangi ble lanl end of the 
spectrum. l>eyond this, the infra-iacl or thermal rays 
become sud<l! 3 nly ell'ecrtive in inducing excitatory movement 
and retardation (d’ growth. 
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APPKNDIX 


SkCRKTARY’s HkI’ORT. 

The Institute was fnnnally o|M‘ne«l on tin* :U)th NnviMiihor 1017. 

The ohjeets of the Institute are, a'lvaiieeinent i)f kiiowlidee through 
its workers, ami tlu‘ widest possible e.ivic and piihlie dilfnsion of it. 

The Institute does not nndeit.ike instrneliorj on eleinentarv siihjeets, 
tanf»;ht in oollem's afliliMted to the rniv»Tsity, hnt earry ailvaneed re- 
seareh. Foi\ ditlusion of kmiwhd^i* a series of I(H*tnres are i;iven in 
Winter and Sprini^ terms, wiiicli are open to the nnnnhirH of the 
Tniversity and tlie pnl»lie. Thest* leetnros w.Il ^ivt* i popidar and 
eonnected aeeoiint of advanees iinnh* in seieinT hy work carried out 
in tlie histitute, and anmmnee for th<* first time the discoveries made, 
tiius ereatiiig an int(dlectual afnios[»h«‘re for scieiititii’ advance. 

The anditoiinm with its p<‘rfeet acoustic properties, Hp.M'ially ih*- 
si^i^iied for seient'lie deiiionstrati<*n, aeconiniodav<*s an audience of tift(en 
huJidred. 

Sir J. C. Hos«* will personally train a sele<*l**d nnnii*er (d‘ s<diolars, 
who hy their eh.iraeter aril work have sln>wn special aptitude, and who 
would devote their whole life to (he joirsuit of research, 'flic nurnlM-r 
t»f such scholar.-^ must nece‘^•'arily he limite*] and for tlu* pre^joit can 
not exceed ten scholars alrea'ly selected. Fnither ext<‘iision ^^oldd 
depiMid on the increase of the stall for instruction. 

The hose Institute tias Ikmui re^^^istcred under A<'t XXI of iMhl 
in .June .A Deed of Trust in favour «»f the Hose hmtitutu 

reganiing the lau'l, huildings aud e'|uipnieut valued at three laes of 
rupees aud troNerumeut I’lauuissory Notes of tin* value ; f one lac, 
has been exeiniti’d aud registered hy Sir J. Hoso. 

'I’ltt STKt-:S OF TUB InsHTUTK. 

Hon'blo Sir S. W Sinha, 

Sir Rahindra Nath Tagore. 

Blmpendra Nath Hwu. 

S. M. Bose. 
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S. li. Das. 

Lady Bos<*. 

Flou’bh* Sir Nil Katan Sircar. 

Sir J. C. Bdsc. 

The* TnistecH hohl all the projKirticN, ondowinents, and gifts made 
to tla* liistitiilc. Tiioy will make grants to the Hoard of Managers on 
the CHtirnatod hudgtit recommended hy them. 


HoARfJ OK Manaokrs. 

Diice.tor of th«5 Ifistitute 1 Er-njiri(t 

Superintendent of tlie Institiitc J Memhers. 

Ilon’hh; Sir Nil Katan Sir«;ar. 

S. K. Das. 

S. M. Hose. 

Dr. H. L. ('hainlhuri. 

Lady Hose. 

Dr. Prankrishna Acharya. 

A representative, of Kc-^oarch Scholars. 

The Hoard of Manag«Ts will supervise the practical working of the 
Institute, will frame ariimal Imdget of ex|>endit ure, and make sugges* 
tions for the ext'msi(Ui of the Institute from time to time, wiiich are 
to he Iai<l before the Hoard of 'rnistees for sanctitui. 

(For list of Memher.s and Associates set* page xiii.) 

M K.M HKRS A N'l» AaSOCi ATKS. 

Memher.- and Associate.s will la* admitted to all the lectures given in 
the Inatitnte. They will ohtaifi the Transactions of the Institute pub- 
lished by (Jovernment, free. Members will l>e invited to special 
doir.orjstrutiuns. Annual subscription for MemU^rs Ks. 24 ; animal 
snhseriptioii for Associates Hs. 12. A Life Memher will pay a miniinuin 
snh.seription of Ks. oOO, and a Life Associate Ks. 250. Tiiey will he 
supplied with an extra ticket of admission to lectures f)r a member 
of the family. rniversity students wdll bet admitted at a nominal 
fee. 
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Lkoturks. 

The following; (Hscourses were ileliverod last winter by Sir .1. C. 
Bt)se, illustrated by original experiments : — 

Tiie Mystery of the “Prayinii:” Palm of Faridporo, 

The Electric Response of Plants. 

Automatic Record of (Jrowtb and its Variation. 

Effect of Wound on Plants. 

Besides the al>ove, a special lecture was ^ijiven for visitors in 
Calcutta ilurin^ (Jbristinas. A popular lectur(‘ was also deliv(‘red in 
Benji:ali for Indian ladies. .Mr. Abanindra Natli Tagore gave a dis(a)urKe 
in Bengali on “ Tlu‘ Line as a nu‘ans of Expression.” 

Lkctitrk Touu in Bomiuv. 

At the special invitation of the cdizons, and the University, Si? 
J, C. Bose paid a visit to Bombay ainl Poona in Fel)ruary 1018, and 
delivei-od a series of lectures tlieio. The visit aroused mucb entbiisiasin, 
and active inter(*st in tin' Institute. Tbo proceials of this Kn-ture tour, 
sul»8e(juently made over to the Trust<*es by Sir J. C. Bok(‘, amounted 
nearly to two lacs of rupees, including the endowi??ent made by His 
HigbiU'-'S tin* Maharaja (iaekwar of Baroda. Tliis active* (o ()[)eration 
from a premier Indian Prince and from tbo citizens of the sister 
Presi<loncy in the succO'^s of tin* Institute is a matter of gratitication 
to all who are interested in this Fiational undertaking. 

Lifts and Endowments. 

I'lie extension of tlie >pliore of activity of the Ii?stitute depends 
on the a( 3 <iuirement of sul)tantial ei?downM*ntH. A hopeful beginning 
has Ixen madt*, thanks sp**(MaIly to the enlightened generosity of 
His High ness tin* .Maharaja (biekwar of Baroda, Mr. Mulraj Kbnl.au. 
The llon’ble Sir Manindra Chandra Nainly of Kasimbazar, and of 
Mr. S. R. Bomanji, wliosc initiative, donation has been fertile in 
e*xainple. In snbscripti<ms availal»le for eiirrciit re<piireinenta and 
extensions, a further s?uu of nearly on<* lac bus been r«*c(*iv(Mj during 
the year. Tliese sums amount to 01 lacs ; but to these, uot reckon- 
ing further contingent enniribiition. must be add»‘d the contribution 
of 1 lac in endowment from Sir J. U. Bo.se as the founder, together 
with his gifts of the Institute Biiildiiig, land and ecpiipment valued at 
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Incs. Tin; fixed aKsets of the Institute at present amounts in round 
fi/<ureH to 10 J lacs of rupees. 

Tliese r(;sults of the first year's existence of the Institute are the 
more, iMM’ouragio^' in view <jf war conditions, and it is thus reasonahle 
to Iinpj; tliat of the lurj^o* initial cash eiidowmetit aimed at. as explain- 
fid helow, a Ru))stantial proport i«)n of the l)alance still required, say 
lO hu“^, iti additi<ui to those* already iiiveste<I may he ol>tairie»i in tlie 
coiirm;( year. The wide ioti^nst already exj)resscd in difTerent parts 
of India is Inue of favnurahh* atigury. 

tioVKUNMKNT (iRANT. 

The Hoard of Mana^^o-rs tak** tins opportunity to make their ack- 

nowledgements for the liberal ^rant mad<* hy the (iovernmerit of India 
and the (roverrmn-nt of Bengal under the sanetion of the Secretary of 
State, ainl also for the ereation i)f six Seliolar.-hips for the [nstitiite. 
The Sem'otary of vState and the Governments of India and Bengal have 
further expressed their desire to exteml their grants which will he 
inflnencivl hy the extent tt> which private diniations are fortheoniing. 

The Board alst) offer their special thanks to His I'iXcellency 

Ie)rd Uonaldsnay, Governor of Btmgal, for his keen interest in the 
success of the Instilute, ami for inakiog over to tin* 'rnistecs a large 
plot of vulnahle land for the I'xtension of the Institute. 

S( jiO!,ABsnirs A\t> Asn’cal Sf’nscinrTioN's. 

'Fla* Board also wisli to express their I batiks for the Xowioji 

Scludarship received through Mr. Kanga on behalf i>f the donor ; also 
ft>r tin* rrmila Ih'vi Scholarship. They also wish to make their ac- 
knowleiliiient to Mr. Jaiunadus Dwarkadaa for the first instalment of 
Hs, IT) 000 of his donation of Us. 24,000, to be used for a Scholar- 
ship Fund or any <»thcr ohjeets t»f the Institute. Kao Bahadur Jainnalal 
Bajaj of NVaialah, oesiiles his suhscriplion of Ks. 5,000, has inaile 
a provision for the annual payment of tlie interest from a Fund of 
Us. *20.t)00. The eminent linn of [)iihlishers, .Messi-, Longmans, (Jn'cn 
anvl Gompany, have made a pn»vlsi«Mi for the annual payment of 

Us. 250 ; sneli ) ractieal interest in the sneeess of tin* Institute from 
lOitsitfe India is matter of gratification. 

Finally the Board records the help of the Municipal Corporation 
of Calontta. who have generously resolved that the buildings and 
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grounds of the Institute shall bo tax-froo in all time ooming. The 
Trustees and Managers gratefully appreeiate this substantial ('oneession 
and teiuler tiieir thanks to llio Corporation through its estot lued Cluiir" 
man, the lloirhle Mr. Payne, i.o.s. 

DKSinKRATA. 

Th<' Bose Institiite has a very wide field of aetivity. In order 
adequately to CMjuip, inaiiitain, and oarrv <»ut any om? of the present 
main )>ran(*hes of investigation an emlowment of at least 1‘2 laes of 
rupees would he required. Y<t no less than six hranehi*s of investiga- 
tions iiave - Immmi m<»ro or less optMual, wliicii will inehide Physies. I*lant 
Physiology, Animal IMiysiology, Psyeho- Physies, Pra»*ti(;al application 
in Agrionitnre, and also in Medicifu*. 

Tiie o\t»‘nt of tlic aetivity of the Institute in each of these branches 
is therefore limited l»y its endowments. In ordm* Unit further begin- 
nings should bu made, an endowment of 24 laes is r(‘(piired. 

Al’rR()XI.M.\TK KSTIMATE KOK KUM, WOUKINO 
OF ONK OF ( IIF. AnoVE DEFAKTM FATS. 

I*fr inoiitli. 

Its. 

Assistant Din'Otor on a pay of Ks. .">0t) — 7t)0 i»r average 

Ks. ()0() per moiitli ... ... ... boo 

One Assistant at Ks. 250 and two at Ks. 200 ... 050 

Oeiieral apparatus and tittirigs, and building extensions, 

to be spread over a period of \ears, montbly ... 2,2tMi 

Cost t)f apparatus to be sp«‘eiully invented an<l mann- 

faetured at the Institute \v«>rksliop ... ... 1,000 

Supply of power, gas, etc. ... ... ... 101) 


Share of Librarian and eleritjul stall 

100 

,, ,1 Celleetiun of books ef refereiiee. 

seieiititic 

journal, etc. 

... 

„ „ Si^rvice 

50 

„ ,, Cost of upkeep ... 

.50 

.Monthly total Its. 

... 5,000 

Annual „ „ 

... 00,000 


Thus the endowment n*qnired for full working for each of these 
future departments at an annual expense of Ks. ()0,t)00 at uvgrag® 



0 per cent, rate of interest is 12 lacs of rupees. Tiie whole 
urnouiit at present availal)le for all departments is only ahoiu 7J 
lacs. Hence for each and every purpose, the needed endowment is 
as yet only in its heginning; and further appeal to the generosity 
of d<mors, Ijotli great and small, is thus urgently required. » 

Mode ok Dkveloi'Men’t ok the IxsTrrr'TK. 

The above scheme of six complete Research Departments is thus 
for griulual accomplishment thrcaighout the ct>ming years. This year’s 
TraiiKactions will (*ontain pa{>ers in two of the.sc' departments, and 
next year’s volumes will inelude papers in more. 

Hence instead of tlic complete development of any one or 

two departments to the exclusion of others, all are more or less in 
way of progress, even active initiative, despice inade(juatti resources. 
Though s(un(! donations and endowments are already alloeate<l to 
Hpecilic (hqjartiiieiits — a mode of assistance which is much appreciated 
— a majority are given to l>e employed year by year within the 
discretion of the Director ami Hoanl of Managers towards such 

general or special developiiumts as are, or may l>e from time to 

time, most practi<*aide an<l fruitful. 

In summary Hum, while the ultimate endowment airtied at is no 
less tliaii h X 12 lacs, the amount at present aimed at, to provide 
the growing requirenumts of the next three years 1919-21, is esti- 
mated at about one-tliird of the above amount, say 24 laes, of 

which only 7.} lacs are as yet available. 


Rkc’EH'Ts ri* TO 0»TOiiEii 191S. 

(rIKTS AND DONATIONS 1917-18. 

Sir J. U. Rose : — Rs. 

(1) Land, Institute Ruildings, Apparatus, Fittings, 

etc,, vahied at ... ... ... ;L00,t)()l) 

(2) CL 1*. Notes for tlu‘ upkee[> of the Institute 1,00.000 

(3) Cuntingeut gift of property, movable and 

imiuovaldc, subject to life-interest of Lady 
Rose, valued at 2 lacs. 

IS. U. Boiiiauji, Esp, of Romhay, for extension of 

the Institute ... ... ... 1,00,000 
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Endowments. 

I 

Ansj^ust 1917 — 

Mulraj Kliataii Es(j., Bonihay. Interest 
of £15,000 War Bonds at t> per eent. 

January 191H — 

Maharaja Sir Manindra Ciiandra Namli 
of Cassiiubazar Bs. 2,00,000. Interest 
at ili per eent. for iivt* years, after 
wliicli capital to he made over to the 
Trustees 

February l9l8 — 

His lli^iiiH'sa the Maliaraja (Ja»*k\var 
of Baroda. Interest of Ks. 1,25,000 
at 5 per cent, to be paid by the 
Stat(*. (Endowment t(i be inoreas<Ml 
on registration) 


Donations and Anndai, Sithsouiitiijns. 



AiittUiil 

Aiiioiiiit 

riTcirtMl. 

Xovvorji Scholarship, for three years, at Us. lOO 
per mensem 

Uao Bahadur Jamnalal Bajaj of Wardali : penna 

Us. 

Us. 

.‘htioo 

nent endowment of interest on Us. 20,0t)0 at 
4A per cent. 

900 

450 

Urniila Devi Scholarship, at Us, 40 per inensem 

4 HO 

210 

Mes.srs, Longmans, (ireen and Co. ... 

250 

250 

Total Us. 

19,HHG-1 

SI'HSOUII’TIONS, 1917-18. 



(In order of date.) 


Us. 

U. II. Patauk (Us. 2,500 in live instalments) 

... 

500 

Uaja of Pitha Pnram 


5,000 

Uajendra Kishen Kaul 


2,000 

Lt.-Col. Kanta Prasad 

... 

1,000 

Uao Bahadur Jamnalal Bajaj ... 

Jamiiadas D^^arkadas (Us 24,OOt) payable in twn 

inst id- 

5,000 

merits) 


15,007 


Anuiiul iiiconif. 


A mixiiit 
nveivea. 


Kqnivaleiit uf 

£ l,80t) hs. 12,221-12-9 


Bs. 7,000 


Us. l),250 Its. ^1,125 
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Students’ Anf^ociation — 

(1) Madras Stii<ijMits’ Uonvi*fition 



500 

(2) First War Students of (jiijrat College, AInnedaliad 

83 

(d) Kanya Mahu Vidvalaya, Jallandar 

... 

... 

100 

(4) linys of th(i A. S. Desai 

Malvan 

Kiiglisli 

School 

50 

(5) Xaj^pur Students 

... 


180 

Miss T. F. Midlafo/(! and liet »irl friends 


20 

Tliroiii]jli tlie Mana^»er, Amrita Bazar 

Patrika 


50 

A nipil 



224 

Paraslinratn iiarikatiia 



1 

K. M. Nair 



1 

Dr. I^. li. Sirkar 



10 

(J. V. Nanavati .«• 



105 

Dr. V. (J. Nad-ir 



105 

V. C (lokhalo 



50 

U. A. Kelkar 



5 

(}. V. Val^i 



1 

Sureali Mulian Hose ... 



100 

M. Sultiirao 



5 

Syainaeliar.iii (Jan^uli 



100 

d. F. Aj^arwalla 



10 

(i. 1*. F;»l!>ardlian ... 



10 

(li)kliale League, Hangaloro 



407 

'riiroiiii:li D. (1. Cliaiidravarkar 



00 

.M. S. (i(»dl»oIe 



10 

|{. M. A jiualkliaii ... 



100 

U. t-’. Mitra 



50 

Uaiii Bilas Sinlia ... 



5 

Mr.s. t.\ F. Sovier 



150 

S. Sitliaraniaya 



6 

Truth and 'rranqnillity 



1 

T. K. Krishaii 



10 

G. N. Deval 



5o 

U. L. Desai 



40 

Two Boinhay Admirers 



GO 

Total of general suhseriptions (oxclinliiig proceeds 
of Bombay tour) 

21.189 
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Proceeds of the Bombay Visit. 

Us. 

Students’ Association — 


(1) Anath Vidartlii Ashraraa 

... 

... 

12 

(2) Ferguson College 



... 

1,752 

(8) Grant Me<lieal Ctdlege 


... 


600 

(4) Medical Stud«‘nts 




150 

(o) Students’ Federation 

... 

... 


501 

(t)) Stmlents’ Brotiierliood 

... 

... 


.500 

C. II. Captain 




50 

Mer\vanje(‘ llonnasji Cania 



... 

1,000 

A. M. divan ji 


... 


200 

H. d. BhaMia 




100 

Hon’ble Mr. C. Mehta 



... 

100 

I), (r. Banker 

... 


... 

8.85 

Chhaiiildas Laxiiiidas 

... 


... 

100 

Vallahlidas Khiinji... 




100 

Xarandas liOxiiiidas 


... 

... 

100 

M atlmradas V assanji 

... 



100 

d. 1). Maludaxiniwala 




100 

Bhagwundas ( io\ ordliandas 

... 



100 

d. U. Gilder 



... 

100 

V^itiialdas I jladhar... 

... 



100 

Narainlas Burshotam 

• • • 



100 

Nanahhai Tallukeiiand 




100 

Muntihliai Hanjildas 

... 



100 

Keshavji Uaiiiji Laxmidas 

... 



100 

Natwarlal M. Mody 



... 

100 

Juinnadas Dewkaran 




100 

Dr. T. C. Khainlwalla 




100 

Cliinianlal 11. .Setalwad 




100 

Hooseinhlioy A. Lallji 




100 

Jull’er A. Lallji 




100 

Byrainjee B. *deejeehIioy 


... 


100 

Dolutraiu Kashirain 




1,001 

N If. Patack 




1,000 

A. Sympathiser 


... 


50 

B. B. Jositi 

... 

... 

... 

50 
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lu. 

R. I). Tata ... ... ... ... 10\) 

A. J. Hillimoria ... ... ... ... 100 

Sir Jam Hot ji JoojooMjoy ... ... ... 100 

K. S. Powalla ... ... ... ... • 300 

Halak lUm (Satara) ... ... ... 25 

NnsHorwatijoo Muiiolicrjof* Cuma ... ... 100 

P. B. Ma!al)ari ... ... ... ... 100 

Joiiarj^'ir B. Botit ... ... ... ... 600 

Isiiiaii A. II. Moosa ... ... ... 100 

Sir Faziill)lu)y (.’iirriiiiMioy ... ... ... 500 

Cowasji^e J(!haii^ir ... ... ... * 200 

Mam‘ho()bai Siikor<*liaiMl ... ... ... 100 

(J. B. Njiiiavati ... ... ... ... 100 

TrilJmwaiidas X. Malvi ... ... ... 100 

J. B. C'aiiia ... ... ... ... UO 

M. U, Jaykor ... ... ... ... 200 

Mociji Laklimidas ... ... ... ... 300 

2 Admirers of Sir J. Bose ... ... ... 200 

SorabjVc M. Warden ... ... ... 100 

Slia|)urji 1). Billinmria and Brotbers ... ... 100 

Krisbiialul M. ilaveri ... ... ... 51 

Biiiiiiji Baindas ... ... ... ... 50 

F. F. Diiislniw ... ... ... ... 300 

Narotiiiii and Kuttnnsey I). Abnarji Gociildas .. 5,100 

llirueband Ainicliand ... ... ... 100 

li. B. Mantri ... ... ... ... 100 

Barse(* ... ... ... ... 100 

Matbnratlas (Joenldas d'liaeker ... ... 50 

I). J. Irani ... ... ... ... 100 

Vitbaldas I). .Mu/.iimdar ... ... ... 100 

J. N. Tbaeker ... ... ... ... 300 

Ambalal Sarablmy ... ... ... 300 

Balabliai Jainnada'j ... ... * ... 100 

N. B. Saklatwalla ... ... ... 200 

Baja (lovindial Sbivlal Motilal ... ... 500 

Uordbandas Kallianji ... ... ... 50 

Juithu Dcwjee Co. ... ... ... 50 
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Kh. 

A* Parsee Zoroastrian Lady ... 


50 

Bhnlchandra S. Siiktliank«‘r 


150 

Hiralal Ciiraondas ... 


100 

JafTc'f IfajVebhoy Lallji 


‘200 

P. D. Sothna 


200 

Abliii Hdoseiii 


100 

Kilablioy Puolubliram 


100 

U. (J. Soluiiii 


100 

M. J. Gajjar 


100 

Dr. Kao 


500 

GocuMaH DainO(l(‘r Kapadia 


100 

Nurseedas Jaikisondas 


200 

(’owasjcu D. Diibash 


:ioo 

Horiiiasji E. Baiiiji 


50 

Main raj Kainbbagat 


100 

\V. B. Soman 


.500 

ValablidaH Jaiiimnlas 


... 100 

Mowji (lovimlji Slietli 


200 

Mariocklal Ujcmsey S};ctb 


.50 

Jagjiaivan Uji*ms<‘y Sotli 


50 

Chuiiilal Ujtnnsoy Slietli 


.50 

Purshotam KcHsow jee 


.50 

llnrruklicliaiid Amulukli 


50 

Morarjee Gocnkias Dowji 


100 

Mr. and Mrs. (bilabcliaial Dcwcliand 


200 

Kai Bahadur Setli Sariipnband Ilukaiiinhand 

100 

SlieriK Dewjt'c Canjoe 


100 

GocuIdiLs DoHsa 


.50 

Cawasjee Jalbhoy Sutlj 


100 

Mr. Gliandawarkor 


100 

0. M. Cijrs<*tji 


100 

B. N. Karanjia 


.50 

S. N. Dabiilkar 


1,000 

Sir Cowaajta* Jebangir 


500 

Sir Vitiiuldas D. Thuckoraey 


100 

Tricainji Jeewandas 


.500 

The lion’bh; Mr. liallnobhoy SanialdaH 


100, 
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R8. 

Lallji Naroriji ... ... ... ... i JO 

Uajarain T<»okuram ... ... ... 50 

II. M. M<i)iU ... ... ... ... 200 

K. C. t>f Cliota Udepiir aiuJ Mariecklal , 

Narolaindas ... ... .. ... 100 

J. F. Kuraka and Co. ... ... ... 400 

Toolse«‘(las Molianji ... ... 500 

Narondas l^u-slmtuiiidas ... ... ... 1,000 

A. Wadia ... ... ... 5(l0 

VallaldidaH T“jpal ... ... ... ... 2,000 

An Adiniror ... ... ... ... 1,000 

V’allaOhdas Janinadas ... ... ... 100 

Omar Suldiaiii ... ... ... ... 1,000 

Canli sale* ot TIcktds tu Led urcs ... ... 0,048 


43,435 
21,180 

Oraiid Total ... 04,024 


Total of lloiuliay HiiOsoriptiuii pai«l 
Froiii'ses yet to lx* roaliHod ... Kh. 10,100 
Atid tfcncnl sulf8erii»tionH (page viii) ,,, 
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Life Members. 

Raja of Pitiiapurain. 

Rajeiidra Kishaii Kaul, 

R. H. Patank. 

^*.ir Rajoixlra Xath Mukerjoe. 

N. (rllpta, (M.E. 

Hao Raliadiir Jaiiiiial Bajaj. 

Dhriil»a SaiuaTias. 

J. (L Throp. 

C. J. Longman. 

Isljwanlas lohharam Mushrnwaila. 
Mari Charan (ihosli. 

K. (i, Ajrokar. 

Pr«'si«lenl, M(*ssina lf(»spilaL Hoinl»ay 
Jamriadas Dwarkadas. 

Mnrarji Miilraj Kliatan. 


I.iFE Associatek 


A. D. ric.kfonl. 

Miss II. Rose, 
lleinraj Promji. 

Mrs. C. K. Seve r. 

Sreretary, liratit *M«Mlical (N»)Ie^e, Roinl>ay 


Members, 191 H. 


Col. A. It. Pngh. 

Mrs. A. (t. Piigli. 

Rejoy Ch. Sinlia. 

S. li. Das. 

Mrs. S. R. Das. 

R. L. Chowflljiiri. 

S. V. Setti, B.A., A.M.. C £ 
Jaganna^li Prosad 
Madhabji Jiwan. 



XIV 


Ganapati Sircar. 

Mish Prosafl. 

Hoy Jotiiidra Nath Clvowdliuri. 

Y. (w. Na(l;j:ir. 

Sa<laHl)iva Haiiichandra Gore. 
Hoo’l»le Kaja llrishikcsli Law, C.I.K 
Jotindra Mohan Sen. 
({irindraslickhar Hosf*. 
llon’lih; Mr. ProvjiH (Jhaialra Mitter. 
Nirnial ('haialra Siroar. 

I). N. Hosr. 

IV N. Diitt. 

Moni Lai S.-,.. 

Klia^mdra Nath Chatt«‘rj«M . 
(fiinidaK Gliat t<*rjeo. 

Moni lad Sin^li. 

H. Franiji, Ks(j. 

Kumar KriMhna Dntt. 
n. I.. Mitter. 

Mr. M. X. Baiha je * 

Sndhir K. Sen. 

IL Mnkcrji't*. 

J. N. Kaiijilal, 

S. C. Ihiimrjct^. 

J. (V Siiilia. 
llirendra Nath Dutt. 
ll. Maitland. 

liai IV N. Mnkerjoe. Bahadur. 

Kali Bhnsan Sen Kaviratna. 

U. K. Winktield. 


List of Associ.\te9 

Satya Saran Mitter. 

Jaga Mfdion Sirkar. 

O. C. Ganguly. 

Kumar Arahiudu Kumar Del*. 

Biraj Ghandra Pas. 

Mohanando Gliatterjee. 
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Girija Blitison Sirkar. 

S. K. Basil. 

k ^ 

S. P. Kiiiiihliakonai. 

S. P. Vaswaui. 

Keshnl) Cliantlra Gupta. 

Nnpeiidra Naraiu Hoy. 

Hari Cliaran Cliowdliury. 

Kniiii'ii Kaiitn Sou. 

Sati Nath Boy. 

Moiilvi Tasaildiik .Mmu'il. 

Satkuri Bosi*. 

Kiiuiar Smlliiiulra K. Siuha Balia<iiu. 
B. C. Naruli. 

H. I). SlioMw. 

,1. N. Boso. 

Kumar Uarit Krishua !)<*)). 

J. C. Nag. 

Bai Ba'lliika Mohoii f^aiiiri Baliadur 
Molioiidra Nath Bailin’. 

Pravash (;Mi. Das. 

S. P. Vaswaui. 

Sarat (’h. Mitra. 

S. N. Baiiorj's*. 

V. fiopal Gnkhale. 

Jainini Nath Bariorjro. 

(yharu Chaiulra Siuha. 

IB B. Dliar. 

K. K. Mukerjco. 


S. M. li;>SK, 
Honorary Secrrtary. 
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